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FAX (201)263-8739 

Attn: 8(e) Coordinator 

INTERNATIONAL ISOCYANATE INSTITUTE, INC. 
119 CHERRY HILL ROAD 

PARSIPPANY, NEW JERSEY 07054 
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401 M Street, SW 
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Dear Sir/Madam: 

The International Isocyanate Institute Inc. (III) is currently sponsoring a study 
on the Metabolic Fate of 14C-Toluene-2,4-Diisocyanate in Fischer 344 Rats 
(AM-AB-62). The stmly is being conducted at The Dow Cnemical Company, 
Mammalian and Environmental Toxicology Research Laboratory. 

Details of the Study: 

This study was initiated to defin2 the metabolic profile following exposure of 
rats to toluene-2,4-diisocyanate (TDI) by the oral and inhalation routes. 

Groups of male rats were given a 60 mg/kg oral dose of 14C-TDI in a corn oil 
vehicle or exposed to a target concentration of 2 ppm 14C-TDI for 4 hours in a 
head-only inhalation chamber. Urine was collected and analyzed for toluene-
2,4-diamine (TDA), monoacetylated-TDA and diacetylated-TDA. 

Following the 14C-TDI oral dose, TDA, monoacetylated-TDA and diacetylated-
TDA were found ;.n the urine. In addition, the monoacetylated-TDA and 
diacetylated-TDA were detected in the urine following inhalation exposure. 
No free TDA was detected following inhalation. 

II •I II II 
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8(e) Coordinator 
November 8, 1990 
Page 2 

These results support the findings of Rosenberg and Savoiainen (1985) who 
detected conjugated TDA in the urine of rats following percutaneous 
exposure to TDI. Additionally, these results were consistent with those 
reported by Sandstrom al (1989) who were able to quantify TDA in the 
hydrolyzed u ne of a TDI exposed worker. 

These findings will be communicated to our member companies. 

References: 

1. Rosenberg, C., and Savolainen, H. (1985). Detection of urinary amine 
metabolites in toluene diisocyanate exposed rats. I. of Chromatography, 
323: 429-433. 

2. Sandstrom, J.F., Skarping, G., and Dalene, M. (1989). Chromatographic 
determination of amines in biological fluids with special reference to the 
biological monitoring of isocyanates and amines. II. Determination of 
2,4- and 2,6-toluenediamine using glass capillary gas chromatography 
and selected ion monitoring. J of Chromatography,  479: 135-143. 

Sincerely yours, 

(RAC Rigge-
Marraginglairoctor 
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UNITED STATES ENVIRONMENTAL PRO1ECTION AGENCY 
WASHiNGTON, D.C. 20460 

OFFICE Or 
PES1 ICIDUS AND TOXIC 11U•11TANCE11 

R. K. Rigger 
Managing Director 
international Isocyanate Inst 
119 Cherry Hill Road 
Parsippany, New Jersey 07054 

itute, Inc. 

ggRTIFIED MAIL 

Dear Sir: 

With regard to: 

TSCA Section 8(e) submission on: 	Toluene-2,4 -diisocydnate (TDII 

Submitted by: International  LagsaansIta_Inatitute.  Inc . 

Date submitted: Novembera,29 	 

EPA Document Control Number: 1En-1190-114._  	  

EPA's Office -)f Toxic Substances (OTS) has completed a preliminary 
review of the above referenced information submitted to the Agency 
under Section 8(e), the "substantial risk" information reporting 
provision of the Toxic Substances Control Act (TSCA). 

Please refer to the enclosure entitled "EPA Information Requests" 
for specific questions concerning the above referenced Section 8(e) 
submission. 

11=111••• 

Should you hava any technical questions about this letter, please 
call Ms. Judith M. Loranger of the Chemical Screening Branch/ECAD 
at (202) 382-2281. Any questions that you may have regarding TSCA 
Section 8(e) policy should be directed to Pr. David R. Williams at 
(202) 382-3468. 

S. 
Thc. Agency lo ,iks forward to continued cooperation wlth your company 
in its ongoing eflorts to evaluate and minimize the potential risks 
posed by chemical substances to health or the environment. 

cerely, 

NNW/. 

J es F. Darr, Section Head 
Chemical Risk Identification 
Section/CSB/ECAD/OTS TS-778 

Enclosure 

Printed on Rocyclod Popor 

• 
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EPAils_LEDMATION REQINSTS 

With regard to 8EHO-1190-1116, 	EPA: 

1. [ 	not asking for any additional technical information at 
tpLs time, but may do so in the future. 

2. [X] 	requests that you ensure that EPA receives a full copy of 
the final report (including the actual experimental 
protocol, results of gross/histopathologic examinations 
(where applicable), data, results of any statistical 
analyses, etc.) from each study, the summarized or 
preliminary results of which were presented in the 
submission. 

3. [X] 	requests that you describe the actions that your company 
has taken or plans to take on a voluntary basis to: 

a. [X] notify [X] workers, [ ] others and/or [ ] 	 
about the reported findings, 

b. [X] reduce and/or eliminate exposure to the subject 
chemical(s). 

4. [ ] 	requests that you provide complete copies of Material 
Safety Data Sheets and labels that have been revised to 
reflect the reported findings. 

requests Ylat yr,u describe (by way of short summaries) 
the nature and results, if available, of all studies 
(other than those submitted already to EPA or those cited 
in the published scientific literature) about which your 
company is aware or that your company has conducted, is 
conducting or plans to conduct that are designed to 
determine the toxicity of or the expolure to the subject 
chemical(s). 

6. [ ] 	requests that you provide substantiation for any TSCA 
Confidential Business Information (TSCA CBI) claim(s) 
asserted for this TSCA Section 8(e) notice by responding 
in full to the questions posed in the attachment entitled 
"Support Information for Confidentiality Claims." 

7 . 	[ ] 	Other: 

All information requested herein should be transmitted to the OTS 
Document Processing Center at the address provided on the next page 
within 20 working days of your receipt of this EPA mailing; with 
the exception of responses to TSCA CBI substantiation requests, 

- 

• • .m.111• 
• . 
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which are discussed further below, any requested information or 
supplemental information that is not yet available but becomes 
available following your response to this mailing should be sent to 
EPA immediately upon your company's receipt of such informaticn. 

OTS Document Processing Certer (TS-790) 
(Attn: Section 8(e) Coordinator) 
Office of Toxic Substances 
U.S. Environmental Protection Agency 
401 "M" Street, S.W. 
Washington, D.C. 20460 

In responding to any EPA requests for information, or in otherdise 
communicating with the Agency about this Section 8(e) file, please 
refer to the EPA Document Control Number that has been assigned to 
this file. 

As is the case for initial TSCA Section 8(e) submissions, all 
responses/correspondence will be placed in the OTS public files 
unless confidentiality is claimed in accordance with the procedures 
outlined in :1.) Part X of EPA's March 16, 1978 Section 8(e) policy 
statement ("Statement of Interpretation and Enforcement Policy; 
Notification of Substantial Risk" 43 FR 11110), and 2) 40 CFR 
Chapter 1, Section 2.203 gt seq,  and 41 FR 36902, September 1, 19 -1 6 
as amended at 43 FR 40000, September 8, 1978 and 50 FR 5lCE1, 
December 18, 1985. In the event that a claim for confidentiality 
is made on all or part of the provided information, said informa-
tion will only be released by EPA to the extent, and by means of 
*he procedures, set forth in the cited regulations. 

If you have been asked to provide full substantiation for TSCA ceI 
claims under EPA Information Request No. 6 on the preceding page, 
you are advised that pursuant to 40 CFR, Chapter 1, Section 2.204 
et seq.,  EPA is determining whether tha information in your TSCA 
Section 8(e) tiling is entitled to confidential treatment. You 
must file within 20 working days a full written response to each 
question posed in the attached item entitled "Support Information 
fcr Confidentiality Claims." Requested information provided by you 
which is claimed confidential shall not be disclosed by EPA except 
in the manner provided by 40 CFR Chapter 1, Section 2.205(c). 

If you need an extension of time in which to answer the questions 
posed in the attachment, please direct a written request to the 
above address prior to the date on which answers arc:I due to EPA. 

If you do not respond to these substantiation questions or do not 
request an extension within the time period provided, the Agency 
will construe your failure to respond or to request an extension as 
a waiver of your confidentiality claim(s). 

Attachment 
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SUBMISSION NUMBER: 8EHQ-1190-1116 IN1T 	SEQ:). 
SUBMISSION DATED: November 8 1990 
SUBMETTER NAME: 	Internatioral Isocyanate  Ins'*itute Inc.  

CHEMICAL NAME (CAS #): Toluene-2 4-diisocyanate (TDI) (584-84-9)   

H3 
N=C=0 

=C=0 

STUDY  DESIGN AND RESULTS 

Metabolic Fnte of "C-Toluene-; ,4-Diisocyanate in Fischer 344 Rats 

of male rats were giYn a 60 mg/kg 
oil vehicle or exposed to a target 

for 4 hours in a head-only inhalation 
and analyzed for toluene-2,4-diamine 
diacetylated-TDA. 

RESULTS:  

Following the "C-TDI oral dose, TDA, monolcetylated-TDA and 
diacetylated-TDA were found in the urine. 
In addition, the monoacetylated-TDA and diacetylated-TDA were 
detected in the urine following inhalation exposure. 
No free TDA was detected following inhalation. 
These results support the findings of Rosenberg and Savolainen 
(1985) who detected conjugated TDA in the urine of rats 
following percutaneous exposure to TDI. Additionally, these 
results wprP L:onsistent with those reported by Sandi..rom et al  
(1989) who were able to quantify TDA in the hydrolyzed urine 
of a ^TI-exposed worker. 

VOLUNTARY  ACTIONS INDICATED:  
X OTHrRS NOTIFICATION 
_ EXPOSURE REDUCTION 

msna/LABELn CHANGED (results in current MSDS) 
X OTHER The sublt4tter indicated that these findings will be 

communicategLt2 their member companies,   	

Dosage/route/Suration:  GroupE 
oral dose of C-TDI in a corn 
concentration of 2 ppr "C -TDI 
chamber. Urine was collected 
(TDA), monoacetylated-I0A and 
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INTERNATIONAL ISOCYANATE INSTITUTE, INC 
119 CHERRY HILL ROAD 

if) 	e
PARSIPPANY, NEW JERSEY 07054 

e.1 	
TELEPHONE (201)263-7517 

45,/cfP.-/290 - ///6 Azeao 
VF 9/6000032.M2f/,  

7-Y/00000 2 1 
'M 

89910000821/8 

Re: EPA Document Control Number 8EHQ-1190-1116 

Dear Sir or Madam: 

This letter is in response to your certified letter carrying a 
stamped date of December 14, 1990, which we received December 26, 
1990, dealing with the subject document. In reply to your question 
2, the Section 8(e) Coordinator will be sent a full copy of the final 
report. This report will also be sent to the Section 8(d) Coordinator. 

In response to questions 3(a) & (b), the International Isocyanate 
Institute, Inc. (III) is a non-profit corporation organized under the 
laws of the state of New York. Our members consist of companies 
engaged in the manufacture of toluene diisocyanate (TDI) and/or 
diphenyl methylene diisocyanate (MDI) in the Americas, Europe and the 
Far East. There are two paid employees, the writer, who is Managing 
Director, and his Secretary. The informaLion sent to you, which was 
the basis of your inquiry was furnished to all member companies. 

SENT BY CERTIFIED MAIL 

OTS bocument Processing Center (TS-790) 
(Attn. Section 8(e) Coordinator) 
Office of Toxic Substances 
U.S. Environmental Protection Agency 
401 "M" Street, S.W. 
Washington, D.C. 20460 
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February 4, 1992 

E H — 	a--i J/tp F wic) 
SENT BY CERTIFIED MAIL 

Document Processing Center (TS-790) 
Office of Toxic Substances 
U.S. Environmental Protection Agency 
401 M Street, S.W. 
Washington, D.C. 20460 

Attn: 8(e) Coordinator 

Dear Sir cr Madam: 

000003."PbCA1  

DCW 

On November 8, 1990, the International Isocyanate Institute Inc. (III) 
informed you of preliminary results of a metabolic fate study of toluene-
2,4-diisocyanate being conducted at the Dow Chemical Company, Mammalian and 
Environmental Toxicology Research Laboratory. 

A copy of the final report for this study, which is initiated to define 
the metabolic profile following exposure of rats to toluene-2,4-diisocyanate 
(TDI) by the oral and inhalation routes, is enclosed. 

A copy of this final report will be supplied to our member companies. 
Please note that a copy of this report is being submitted to Section 8(d) 
Health and Safety Study Reporting Rule docket. 

Very truly yours, 

\"'‘\1\1\AT,L\ Eg— 
M. 'aging Director 

RKR/sha 
Enclosure 
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Study Title 

Metabolic Fate of 14C-Toluene-2,4-Diisocyanate in Fischer 344 Rats 

DAtiLlkequirement 

None 

Author(s)  

C. Timchalk, F. A. Smith and M. J. Bartels 

Study Completion Date 

January 9, 1992 

Erriuminglahoratca 

The Toxicology Research Laboratory 
Health and Environmental Sciences 

The Dow Chemical Company 
Midland, Michigan 48674 

Somata 

International Isocyanate Institute Inc. 
Project ID- AM-AB4,2 

Labluatoryhaject Study ID 

K-022862-003 
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THE DOW CHEMICAL COMPANY 
STUDY ID: K-022862-003 
PAGE 2 

COMPLIANCE WITH GOOD LABORATORY PRACTICE STANDARDS 

Compound: 14C-Toluene-2,4-Diisocyanate 

Title: Metabolic Fate of 14C-Toluene-2,4-Diisocyanate in Fischer 344 Rats 

To the best of my knowledge and belief the study described in this report was 
conducted in compliance with the following Good Laboratory Practice 
Standards: 

United States Environmental Protection Agency, 
Title 40 Code of Federal Regulations Part 792, 

1 July 1990 Edition 

Japan Ministry of Agriculture, Forestry and Fisheries, 
59 NohSan, Notification No. 3850, 
Agricultural Production Bureau, 

10 August 1984 

Organization for Economic Co-Operation and Development 
ISBN 92-64-12367-9, Paris 1982 

e . /4"cl‘al 	/ - 9-  5z 	 / — ff --f "1---  
C. Timchalk, Ph.D 	(Date) 	Y u:;-,7.).<4., M.S. 	(Date) 
Study Director 	 Director 

The Toxicology Research Laboratory 
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THE DOW CHEMICAL COMPANY 
STUDY ID: K-022862-003 
PAGE 3 

QUALITY ASSURANCE STATEMENT 

Compound: 14C-Toluene-2,4-Diisocyanate 

Title: Metabolic Fate of 14C-Tuluene-2,4-Diisocyanate in Fischer 344 Rats 

This study was examined for conformance with Good Laboratory Practices as 
published by the U.S. Environmental Protection Agency, and the Food and 
Drug Administration. The final report was determined to be an accurate 
reflection of the data obtained. The dates of Quality Assurance activities on 
this study are listed below. 

Study Initiation Date: 5/5/89 
	

Study Completion Date: 1/9/92 

TYPE OF AUDIT: 
Preliminary protocol 
Final crotorol 
In Lit2 
Addendum 1 
Study Conduct (Adden. 1) 
Facility Inspection 
Addendum 2 
Protocol Data and Draft 

DATE OF AUDIT: 
5/16/89 
5/18/89 

11/02/89 
4/04/90 
4/27/90 
5/21/90 

11/12/90 
7/09/91 

DATE FINDINGS REPORTED TO 
STUDY DIRECTOR/MANAGEMENT: 

5/16/89 
5/18/89 

11/03/89 
4/04/90 
4/27/90 
5/25/90 

11/19/90 
7/10/91 

Raw data and a copy of the final report are filed in the testing 
facility archives. 

T. 	ushow, B.S. 
Quality Assurance 
Health and Environmental Sciences 
The Dow Chemical Company 
1803 Building 
Midland, Michigan 48674 
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(Date) C. Timchalk, Ph.D. 

Study Director 
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SIGEATURLIAGE 

Compound: 14C-Toluene-2,4-Diisocyanate 

Title: Metabolic Fate of 14C-Toluene-2,4-Diisocyanate in Fischer 344 Rats 

/ 2 --  
(Date) F. A. Smith, MS. 

'A  

M. J. Partels, Ph.O. 	 (Date) 

Reviewed by: 

/ 
// 4  j9.2 

R. 1.  Nolan, Ph.D., D.A.B.T. 	 (Date) 

•■■• 
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THE DOW CHEMICAL COMPANY 
STUDY ID: K-022862-003 
PAGE 6 

SUMMARY 

This study was initiated to evaluate the pharmacokinetics/rnetabolism of 14 C-
labeled 2,4-toluene-diisocyanate ( 14C-2,4-TDI) following oral and inhalation 
exposure in the rat. For comparison, the pharmacokinetics/metabolisr . ) of 
2,4-toluene-diamine ( 14C-2,4-TDA) was also evaluated. This approach was 
based on the rationale that a comparative evaluation of the pharmacokinetics 
of 14C-2,4-TDI following oral and inhalation exposure could provide needed 
perspective on observed route dependent differences in TDI oncogenicity. In 
addition, comparison with 2,4-TDA was reasonable based on the potential 
chemical or metabolic conversion of 2,4-TDI to 2,4-TDA, a known rodent 
carcinogen. Groups of 3 - 4 male rats were given either a single 60 mg/kg oral 
dose of 14C-2,4-TDI or were exposed to 14C-2,4-TDI vapors at a target 
concentration of 2 ppm for a 4 hr period. Additional groups of male rats were 
given single 3 or 60 mg/kg oral doses or a single 3 mg/kg intravenous (iv) 
dose of 14C-2,4-TDA. All rats were sacrificed by 48 hr nost-exposure. 

Following oral administration of 14C-2.4-TDI, >93% of the ad ninistered 
radioactivity was recovered in the urine, feces, cage wdsh and tissues. 
Approximately 8% of the oral dose was excreted in the urine while 81% was 
eliminated in the feces. It is estimated that during inhalation exposure, 
essentially all of the inhaled 14C•2,4-TDI was retained by the animal At 48 hr 
post-inhalation exposure approximately 15% and 47% of the recovered 
radioactivity was in the urine and feces, respectively. Fo!lowing oral or 
inhalation exposure to 14C-2,4-TDI, n radioacth ity was eliminated as either 
expired 14C-organics or 14CO2. Comparisor of the 14C-2,4-TDI inhalation 
group with the oral 14C-2,4-TDI and 14C-2,4-- r)A treatment groups indicated 
that a larger percentage of the inhaled radioa vity was in the tissues and 
carcass (34% vs 2 - 4%) and the clearance of radioactivity into the urine was 
slower (tv2= 20 hr vs 5 - 8 hr) following TDI inhalation. 17)e total amount of 
free + acetylated TDA metabolites detected in the urine specimens following 
oral and inhalation exposure to 14C-2,4-TDI v;‘,.:1- 1.92 And 0.05 ug eq 2,4- 
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TDA/g urine, respectively. No free 2,4-TDA was detected in the urine 
specimen from the inhalation group. In comparison, following oral 
administration of 60 and 3 mg/kg 14C-2,4-TDA, 63 and 3.7 eq 2,4-TDA/g 
urine was detected in the urine specimen, respectively. Following 14 C-2,4-TDI 
inhalation exposure approximately 90% of the quantitated urinary 
metabolites existed as acid-labile conjugates. Whereas, after oral 14C-2,4-TDI 
administration approximately 65% of ihe quantitated urinary metabolites 
existed as acid-labile conjugates. In contrast, following oral administration of 
14C-2,4-TDA only 16 - 39% of the quantitated urinary metabolites existed as 
acid-labile conjugates. These data indicate that inhalation exposure to 2,4-TDI 
will primarily result in the formation of acid-labile conjugates with little or 
no 2,4-TDA being formed. This suggests that the metabolic disposition of 
inhaled 2,4-TD! is quite different than the disposition observed following 
orally administered 2,4-TDI or iv and orally administefed 2,4-TDA. The route 
dependent differences in 2,4-TDI disposition and metabolism may explain 
why TDI was not carcinogenic in rodents following inhalation exposure. 
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INTRODUCTION 

Toluene diisocyanate (TDI) is a monomer that is used in the production of 
polyurethane products. It is most commonly utilized as a technical grade 
material consisting of 80% 2,4-TDI and 20% 2,6-TDI (80:20). 

Initial concern over the possible o Incogenicity of TDI was based on the 
potential for TDI to undergo chei rnical hydrolysis forming toluene diamine 
(TDA) which was shown to be a ( :arcinogen in chn)nic feeding studies in 
Fischer 344 rats and B6C3F1 mice (NCI, 1979). To evaluate the carcinogenic 
potential of TDI, groups of male a nd female Sprague-Dawley CD rats and CD-1 
mice were exposed to 0.05 and 0.1 5 ppm of a technical grade mixture (80:20) of 
TDI by inhalation, 6 hr/day, 5 day s/week for approximately 2 years (Loeser, 
1983). The inhalation route was c :hosen since this represents the primary 
route of occupational exposure (R Ampy et AL, 1983). This study resulted in 
reduced weight gains in both rats and mice and signs of respiratory irritation 
in female mice. However, no tumorigenic response was observed indicating 
that TDI was not carcinogenic following inhalation exposure in rats and mice. 
A technical grade mixture (80:20) of TDI was also evaluated for carcinogenic 
activity in Fischer 344 rats and B6C3F1 mice, however the test material was 
administered by the oral route in a corn oil vehicle. Animals were 
administered doses ranging from 30 to 240 mg/kg body weight, 5 days/week, 
for approximately 2 years (Dieter et 11., 1990). This treatment resulted in over 
a 10% depression in body weight gains of rats in all dose groups and survival 
was also significantly lower than controls. However, this study did produce 
subcutaneous fibromas, fibrosarcomas, pancreatic islet cell adenomas, 
neoplastic nodules of the liver and mammary gland tumors and Dieter et aL 
(1990) concluded that TDI was carcinogenic in rats (male and femaie) and 
female mice, although TDI was not carcinogenic in male mice. Confounding 
the interpretation of this study was the fact that the TDI dose solutions had 
reacted with the corn oil vehicle resulting in a 10 - 23% decomposition of the 
TDI in these solutions (Dieter et g, 1990). Based on the observed differences 

•■••.. 	 • Vek 



••••=1,  

THE DOW CHEMICAL COMPANY 
STUDY ID: K-022862-003 
PAGE 9 

in tumorigenic response it appears that the tumorigenic potential of TDI may 
be associated with the route of exposure in the rat. 

Two previous studies on the metabolism of the technical (80:20) mixture of 
14C-labeled TDI in the rat after inhalation and oral administration were 
performed under the sponsorship of the International Isocyanate Institute 
Inc. (Saclry, 1977; Stoltz et al., 1987). The results of these studies indicated that 
most of the radioactivity was eliminated in the urine and feces within 24 - 48 
hr after either route of administration. Data from an NIEHS sponsored study 
(RTI, 1985) on the metabolism of 2,6-TD1 in the Fischer 344 rat after oral 
administration (60 and 900 mg/kg) indicated that TDI was hydrolyzed and/or 
polymerized in the stomach. In addition, RTI reported on the urinary 
excretion of 2,6-bis-(acetylamino)-toluene resulting from the acetylation of 
2,6-toluene diamine (2,6-TDA). The formation of TDA metabolites following 
TDI exposure was also supported by Rosenberg and Savolain;n1 (1985) who 
reported the presence of acid-labile conjugates of TDA in the urine of rats 
fe'lowing percutaneous (via the tail) exposure to 2,4-TDI. Although these 
studies suggest the formation of 2,4-TDA following 2,4-TDI exposure they do 
not provide sufficient data on the identity and quantity of TDI metabolites to 
help interpret the chronic bioassays (Loeser, 1983; Dieter et al., 1990). 

The primary objective of the study described in the present report was to 
make a qualitative and quantitative assessment of the absorption, 
distribution, metabolism and excretion of 14C-2,4-TD1 following inhalation 
and oral exposure to the major isomer, 2,4-TDI. This approach was based on 
the rationale that a comparative evaluation of the pharmacokinetics 
following oral and inhalation exposure could provide needed perspective on 
the observed differences in TDI oncogenicity (Loeser, 1983, Dieter et al., 1990,' 
In addition, comparison with 2,4-TDA pharmacokinetics and metabolism was 
reasonable based on the potential chemical or metabolic conversion of 2,4-TDI 
to 2,4-TDA, a known rodent carcinogen (NCI, 1979). 
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In response to the final Rules amending the U.S. Anir__al Welfare Act that 
were promulgated by the U.S. Department of Agriculture effective October 30, 
1989, the Animal Care and Use Activity that was required for the conduct of 
this study has been reviewed and given full approval by the Institutional 
Animal Care and Use Committee. 

EXPERIMENTAL 

GENERAL  DESIGN AND RATIONALE:  

Phase I.  Groups of male rats were administered 14C-2,4-TDI orally at a target 
dose of 60 mg/kg of body weight and exposed to 14C-2,4-TDI vapors at a target 
concentration of 2 ppm for a 4 hr period in a head-only inhalation chamber. 
Follow ing oral administration of 14C-2,4-TDI, three .ats were housed in glass 
Roth-type metabolism cages and urine, feces, expired 14- -volatile organics 
and 14CO2 were trapped for up to 48 hr and analyzed for radioactivity. At 48 
hr post-dosing the rats were sacrificed, and selected tissues were collected and 
analyzed for radioactivity. Pooled urine specimens were analyzed by high 
performance liquid chromatography (HPLC) and gas chromatography/ mass 
spectrometry (GC/MS). An additional group of four rats were administered 

orally and were sacrificed at approximately 2 hr post-dosing (peak 
14C bloo,.: coacentration) and selected tissues were collected and analyzed. 

Two grout s of four male rats each were exposed to a target concentration cf 2 
ppm 14C-2,4-TDI for a 4 hr period in a head-only inhalation chamber under 
dynamic air-flu ,v conditions. Following exposure, one group of rats was 
placed in glass Roth-type metabolism cages, while the sec Id group was 
sacrificed at the termination of the exposure. The collection of excreta, blood 
and tissues was as previously described for the groups administered the oral 
dose of 14C-2,4-TDI 
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Male rats were utilized throughout this study since there was no indication of 
a sex-related difference in the toxicity of 2,4-TDI or 2,4-TDA. An oral dose of 
60 mg/kg was selected since this represented the highest oral dose possible 
which would not result in an excessive amount of polymerization of TDI in 
the gastrointestinal tract (RTI, 1985). For oral administration, 'dried corn oil 
was i 'ilized as a vehicle since TDI readily reacts with water. The 2 ppm 
inhalation concentration represented a reasonable target that would provide 
adequate analytical sensitivity, while producing minimal acute toxicity in the 
rat. 

Phase II. Two groups of four male rats each were administered single oral 
doses of 3 or 60 mg 14C-2,4-TDA/kg of body weight. An additional group of 4 
male rats was given a single intravenous (iv) dose of 3 mg/kg via a jugular 
vein cannula. The oral dose :olutions were prepared in distilled water while 
the iv dose was administered in normal sterile saline. Following oral and iv 
administration of 14C-2,4-TDA, four rats/group were placed in glass Roth-type 
metabolism cages, and urine and feces were collected for up to 48 hr and 
analyzed for radioactivity. At 48 hr post-dosing the rat's were sacrificed and 
selected tissues were collected and analyzed. Pooled urine specimens were 
analyzed by GC/MS and GC/MS/MS. 

An oral 14C-2,4-TDA dose of 60 mg/kg was chosen since it would be 
comparable to the oral 2,4-TDI dose. The 3 mg/kg 14C-2,4-TDA dose was 
selected to be comparable to the 2,4-TDI inhalation dose and the iv exposure 
route was used to eliminate any potential absorption effects. 

MATERIALS AND METHODS 

Test Materials. 2,4-Toluene diisocyanate (Lot No. 28F0167) with a purity of 
97.72% by weight and an isomer ratio of 200:1 (2,4-TDI : 2,6-TDI) as determined 
by a titration procedure and nuclear magnetic resonance spectroscopy, 
respectively (Hardas, 1989) was obtained from Sigma Chemical Company, St. 
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Louis, MO. Uniformly ring labeled 14C-2,4-TDI was obtained from Sigma 
Chemical Company, St. Louis, MO. The radiotracer (Lot # 089F9246) had a 
specific activity of 23.7 mCi/mmol and was reported to to >99% 
radiochemically pure. The radiochemical purity was evaluated repeatedly 
throughout the study and ranged from 94.6% to 100% (Tables 1 and 3). 

2,4-Toluene diamine (Lot No. AX13004AX) was obtained from Aldrich 
Chemical Company, Milwaukee, WI. This test material was found to be >99% 
pure. Uniformly ring labeled 14C-2,4-TDA was obtained from Sigma 
Chemical Company, St. Louis, MO. The radiotracer (Lot # 030H9222) had a 
specific activ4 of 20.7 mCi/mmol and was reported to be >98% 
radiochemically pure. The radiochemical purity was determined to Le 97.7% 
(Table 1). 

2,4-Diacetylaminotoluene (2,4-Ac2-TDA), 2-acety1-4-aminotoluene (2-Ac-TDA) 
and 4-acety1-2-aminotoluene (4-Ac-TDA) were prepared as described 
previously (Glinsukon et al., 1975a). 139-2,4-Diacetylaminotoluene (D9-2,4- 
Ac2-TDA), used as an internal standard in the quantitation ef acetylated TDA 
metabolites, was prepared in the same manner as 2,4-Ac2-TDA using D6-acetic 
anhydride and D3-2,4-TDA (ring label; prepared from 2,4-TDA via acid-
catalyzed deuterium exchange). 2,4-Di((N-piperidylformyl)amino)toluene, 
used in tl'e quantitation of 2,4-TDI in air samnles, was prepared via addition 
of 2,4-TDI to piperidine at room temperature. Identification and purity 
analysis of the synthesized standards was performed via mass spectral and/or 
NMR analysis. 

D6-Acetic anhydride was obtained from Aldrich Chemical Company. 
Heptafluorobutyric anhydride was obtained from the Pierce Chemical 
Company (Rockville, IL) or Alltech Associates, Inc. (Deerfield, IL). All other 
reagents and solvents were reagent grad, or better. 
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Test Species.  Male Fischer 344 rats (-200g) were purchased from the Charles 
River Breeding Laboratory (Kingston, NY) and used throughout this 
experiment. Care and husbandry of animals was in accordance with the 
Standard Operating Procedures of the Laboratoryl. Upon arrival in the 
laboratory, the rats were examined by a veterinarian and found to be in good 
health. The rats were then acclimated to the laboratory environment for at 
least one week prior to use. The rooms in which the animals were housed 
had a 12-hr photocycle and were designed to maintain adequate 
environmental conditions concerning temperature and relative humidity for 
rats. Prior to the start of each experiment, rats ware randomly assigned to 
treatment groups utilizing a computer driven randomization procedure and 
were then individually identified by a numbered ear tag. All rats were 
allowed to acclimate to glass Roth-type metabolism cages for 2 - 3 days prior to 
the administration of the radiotracer. Rats utilized for the iv 2,4-TDA 
administration were anesthetised with methoxyflurane and surgically 
implanted with an indwelling jugular vein cannula (modified method of 
Harms and Ojeda, 1974). These rats were allowed approximately one day to 
recover from surgery before dosing. The rats which were utilized for the 
inhalation study, were acclimated to the head-only chamber for 
approximately one week prior to the initiation of the study. Purina Certified 
Rodent Chow (#5002) and municipal drinking water were provided ad 
libitum except during the inhalation exposure. Feed and water were 
analyzed in accordance wit:a the Standard Operating Procedures of The 
Toxicology Research Laboratory. 

Preparation and Administration of the Dose Solutions. 

Oral  and  Intravenous Dose Solutions.  The oral 14C-2,4-TDI dosing solution 
was prepared in 'dried' corn oil (Allworld Scientific, Lynwood, CA.) at a target 

  

Fully Accredited by the American Association for Accreditation of Laboratory Animal Care 
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dose of 60 mg/kg with a volume c administration of 3 ml/kg of body weight. 
The radiotracer was diluted with r ton-radiolabeled 2,4-TDI to obtain a target 
radioactivity and concentration of 72.5 1.1Ci and 21.7 -.rig/g of dosing solution, 
respectively. The dosing solution was prepared in a controlled atmosphere 
glove box under a dry N2 atmospl lere. The dosing solution was analyzed for 
radioactivity via liquid scintillatio n counting. In addition, weighed aliquots 
(- 200 ill) of the dose solution wei derivatized with 0.5 ml piperidine in 2 ml 
toluene (1 hr, room temperature). The resulting 14C-2,4-TDI-dipiperdyl 
derivative was then isolated by ev aporation oi the excess reagents and solvent 
(N2 stream) and reconstituted in icetone:acetonitrile:water. The samples 
were then aitalyzed by HPLC. Th( analysis of the tracer for radiochemical 
purity as well as the oral dose soli Aim for 2,4-TDI concEntration and 
radioactivity are presented in Tabl e 1. The 14C-2,4-TDI dose solution 
cor.tained 111% and 98% of target radioactivity and concentration, 
respectively. 

The oral 14C-2,4-TDA dosing solutions were prepared in distilled water at 
target doses of 3 and 60 mg/kg with a volume of administration of 3 ml 
dosing solution/kg cA body weight. The radiotracer was diluted with non-
radiolabeled compound to obtain a target radioactivity of 67 pCi/g of dosing 
solution. Adequate non-radiolabeled 2,4-TDA was added to the 3 and 60 
mg/kg dose solutions to obtain target concentrations of 1 and 20 mg 2,4- 
TDA/g dosing solution, respectively. The iv 14C-2,4-TDA dosing solution was 
prepared in sterile normal saline at a target dose of 3 mg/kg with a volume of 
administration of 1 ml dosing solution/kg of body weight. The radiotracer 
was also diluted with non-radiolabeled 2,4-TDA to obtain a target 
radioactivity and concentration of 200 pCi and 3 mg/g dosing solution, 
respectively. The dosing solutions were analyzed for radioactivity and 2,4- 
TDA as previously described for 2,4-TDI and the results are presented in Table 
1. The amount of radioactivity in the TDA dose solutions ranged from 83% 
to 148% of target, and all solutions were within 10% of their target 
concentration. The differences between targeted and measured 



THE DOW CHEMICAL COMPANY 
STUDY ID: K-022862-003 
PAGE 15 

concentra Ions and radioactivity had no effect or the results obtained in this 
study. 

The rats were weighed prior to dosing and based on their body weights a 
measured volume of the dose solution was administered. Oral dose 
solutions were administered by gavage using a glass syringe and stainless steel 
feeding needle (Popper & Sons, Inc., Hyde Park, NY). The iv dosing solution 
was slowly infused (-1-2 min) via the jugular vien cannuia using a glass 
syringe, and a Intramedice Luer Stub Adapter (Becton Dickinson, Franklin 
Lakes, NJ) and the cannula was then flushed with normal sterile saline (-1 
ml). In all cases, the quaiiity of dose solution actually administered was 
determined by weighing the syringe prior to and following dosing. At the 
time of dosing the body weights of male rats ranged from 0.214 to 0.259 kg. 
The doses of 2,4-TDI actually administered ranged from 87% to 113% of target 
and are presented in Table 2. For individual animal data see Appendix Tables 
1-4. 

Inhalation Exposure.  Rats were exposed via a head-only chamber to a target 
con cer tration of 2 ppm 14C-labeled 2,4-TDI for a 4 hr period under dynamic 
flow-through conditions. The inhalation chamber was constructed of Teflon-
lined plastic and was designed for the simultaneous exposure of 4 rats to 
radioactive vapors. The 14C-2,4-TDI (23.7 mCi/mm:-,1e) was diluted 
approximately 10 fold with non-radiolabeled 2,4-TDI and the 14C-2,4-TDI 
vapors were generated by gently heating a U-tube containing the radiotracer 
(- 25-50 gl) to approximately 90°C with an air-flow through the tube of 0.5 
liters/min. The 14C-2,4-TDI vapors were then diluted with approximately 1.5 
liters/min of dry room air so that the total flow through the chamber was 
approximately 2.0 liters/min, and the target radioactivity of the vapors 
generated was 432 dpm/ml (- 0.2 gCi/liter). In order to accurately determine 
2,4-TDI exposure concentration a sampling port was positioned to sample 
chamber atmosphere in the animal's breathing zone. The 2,4-TDI 
concentration and radioactivity were determined by bubbling 0.2 liters/min of' 
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the chamber atmosphere through -15 ml of toluene:piperidine (95:5, v:v) for 
10 min. The rewlting 14C-2,4-TDI-dipiperidyl derivative was then isolated by 
evaporation of the excess reagents and solvent (N2 stream) and reconstituted 
in acetonitrile:water. These samples were then analyzed via HPLC and liquid 
scintillation counting to determine the concentration of 2,4-TDI and 
radioacLivity in the chamber. Samples of the chamber atmosphere were taken 
at -20 min intervals for a total of 8 samples per exposure. TWA chamber 2,4- 
TDI concentration, 14C concentration and tracer radiochemical purity are 
presented in Table 3. The test atmospheres ranged from 78% to 83% and 63% 
to 83% of their target 2,4-TDI and radioactivity concentration, respectively. 
The differences between targeted and measured concentrations and 
radioactivity had no effect on the results obtained in this study. At the time 
of exposure, body weights ranged from 0.238 - 0.258 kg (Appendix Table 5). 

Specimen Collection and Analysis. Following administration of 14C-2,4-TDI 
or 14C-2,4-TDA, rats were housed in glass Roth-type metabolism cages 
designed for the separate collection of urine, feces and expired air 0 4C volatile 
organics and 14CO2). All urine voided during successive 12 hr intervals was 
collected in dry-ice chilled containers. Following collection of each urine 
specimen the cage was rinsed with distilled water. The weight of each 12 hr 
urine and cage rinse was determined, and weighed aliquots of each 
radiolabeled specimen were mixed with either Aqueous Counting 
Scintillant® (ACS, Amersham Corp., Arlington Heights, IL) or Aquasol® 
Counting Scintillant (New England Nuclear, Boston, MA) and analyzed for 
radioactivity by liquid scintillation counting (LSC). In addition, aliquots of 
urine were taken from the 0-12 hr and 12-24 hr collections and pooled into 
their respective time and dose group. The pooled urine specimens w2re then 
profiled via HPLC to obtain a qualitative picture of the extent of 2,4-TDI and 
2,4-TDA metabolism. The presence of possible acid-labile metabolic 
conjugates was evaluated by performing acid hydrolysis (10% v:v conc. HCL; 
80°C x 1 hr) and reanalysis of selected urine specimens. 
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Pooled urine specimens from the five 2,4-TDI and 2,4-TDA experiments were 
prepared for analysis of free 2,4-TDA as follows: weighed aliqus (0.25 ml; 
n=2) were fortified with 0.13 or 1.30 i.tg 2,6-TDA (used as internal standard), 
adjusted to pH 13-14 (4 ml 1N KOH) and extracted with toluene (1 x 4 ml). A 2 
ml aliquot of each extract was derivatized with 0.1 ml heptafluorobutyric 
anhydride (HFBA) at room temperature with continuous vortexing. The 
derivatized extracts were washed with 1 ml 1M NaH2PO4 (pH 7.0), taken to 
dryness (N2 stream) and reconstituted in 0.1 ml or I ml toluene for 
subsequent GC/MS analysis. Aliquots (0.25 ml) of control urine from male 
rats were fortified with 0-10.5 lig 2,4-TDA and 0.13 or 1.30 lig 2,6-TDA, 
extracted and derivatized as above for use as standards in the GC/MS analysis. 

The pooled urine specimens from the five 2,4-TDI and 2,4-TDA experiments 
were analyzed for total acid-labile conjugates of 2,4-TDI/2,4-TDA in a similar 
manner. Weighed aliquots (0.5 m 1; n=2) of each pooled urine specimen were 
fortified with 0.56 or 5.60 lig 2,6-TDA (used as internal standard), acidified (1.5 
ml 4N HC1) and heated at 100°C for 2 hr. The samples were then adjusted to 
pH 13-14 (2 ml 5N KOH) and extracted and derivatized with HFBA as above, 
for subsequent GC/MS analysis. Standards were prepared via fortification of 
control urine (0.5 ml) with 0-56.3 lig 2,4-TDA and 0.56 or 5.60 lig 2,6-TDA, 
followed by extraction and derivatization with HFBA. 

Pooled urine specimens from the five 2,4-TDI and 2,4-TDA experiments were 
prepared for analysis of mono- and diacetyl-TDA as follows: weighed aliquots 
(1.0 ml; n=2) were diluted with 0.5 ml distilled water (final pH 6.5-7.0), 
fortified with 9.4 lig D9-2,4-Ac2-TDA (used as internal standard) and extracted 
with ethyl acetate (2 x 2 m1). The combined ethyl acetate extracts were taken 
to dryness (N2 stream) and the residues derivatized with 50 D6-acetic 
anhydride and 50 !.L1 pyridine (room temperature x 30 min). The excess 
reagents were then removed by evaporation (N2 stream) and the derivafized 
residues taken up in 100 ethyl acetate for subsequent GC/MS/MS 
Aliquots (1.0 ml) of control urine from male rats were fortified with 	1..tg 

a 
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4-Ac-TDA, 0-216 pg 2,4-Ac2-TDA a nd 9.4 pg D9-2,4-Ac2-TDA, extracted nd 
derivatized as above for use as standards in the GC/MS/MS analysis. 

The structural identification of th( 
performed via GC/MS analysis of 
(0.25 ml; n=2) of each pooled urini 
distilled water and extracted with 1 
extracts were takei to dryness (N2 
100 ill HFBA (room temperature x 
by evaporation (N2 stream). The ( 
ml toluene, washed with 0.5 ml 11\ 
dryness (N2 stream). The final re: 
for subsequent GC/MS analysis. 
male rats were fortified with 9.5 Ili 
extracted and derivatized as above 

monoacetyl-TDA metabolite was 
the HFBA derivative. Weighed aliquots 

2 specimen were diluted with 0.25 ml 
ethyl acetate (1 x 2 m1). The ethyl acetate 
stream) and the residues derivatized with 
30 min). The excess reagent was removed 

lerivatized residues were then taken up in 1 
4 NaH2PO4 (pH 7.0) and again taken to 
idues were then dissolved in 50 ill toluene 

kliquots (0.25 ml) of control urine from 
; 2-Ac-TDA and/or 9.5 1.1g 4-Ac-TDA, 
for use as standards in the GC/MS analysis. 

Feces were collected at 24 hr intervals in dry-ice chilled containers and stored 
frozen (-20°C). An aqueous homogenate (33-50% w:w) was prepared for each 
sample and weighed aliquots were oxidized in an OX-300 Biological Material 
Oxidizer (R.J. Harvey Instrument Corporation, Hillsdale, NJ). The 14CO2 
released upon oxidation was trapped in a solution of 1-methoxy-2- 
propanol:monoethanolamine (7:3, v:v), mixed with liquid scintillation fluid 
(spectrafluor:1-methoxy-2-propanol:toluene, 12:22:66, v:v:v) and analyzed for 
radioactivity by LSC. Pooled fecal specimens (0 - 24 hr collection interval) 
obtained II om rats administered a 60 mg/kg oral 14C-2,4-MI dose or fecal 
specimens (0 - 48 11- collection interval) obtained from rats exposed to a 2 ppm 
14C-2,4-TDI concentration were extracted for HPLC analysis. Weighed aliquots 
(approx. 0.25 g) of the fecal homogenates were extracted sequentially with 
methanol (2 x 2 ml) and then distilled water (2 x 1 m1). The remaining fecal 
specimens were then hydrolyzed (1 ml 4N KOH, 2 hr x 80°C). The hydrolyzed 
extracts were then extracted with ethyl acetate (3 x 1 m1). The methanol and 
ethyl acetate extracts were taken to dryness (N2 stream) and reconstituted in 
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0.5 ml 50:50 acetonitri 	rE. ter (v:v). These reconstituted organic extracts and 
the aqueous extracts we- then analyzed individually via reverse phase 
HPLC. 

The air exiting the metabolism cages (flow rate approximately 500 ml/mM) 
from the 60 mg/kg and 2 ppm 14C-2,4-TDI exposure groups was passed 
through a 14C-volatile organic trap (activated charcoal) and 14CO2 trap and 
collected at 24 hr intervals. The charcoal was desorbed overnight with 
toluene and an aliquot removed for 14C-analysis. Expired 14CO2 was trapped 
in a solution of 1-methoxy-2-propanol:monoethanolamine (7:3, v:v); aliquots 
of the trapping solution were mixed directly with liquid scintillation fluid 
and the radioactivity quantified by LSC. 

The animals in the 60 mg/kg 14C-2,4-TDI and 2 ppm inhalation treatment 
groups used for the collection of excreta were sacrificed with CO2 and 
exsanguinated 48 hr post-dosing. Additional groups of animals were 
sacrificed 2 hr following a 60 mg/kg oz al dose and immediately upon 
termination of a 4 hr 2 ppm inhalation exposure. The following tissues were 
collected and analyzed for radioactivity: blood, fat, gastrointestinal tract, 
gastrointestinal tract contents, fat, kidney, liver, lung, skin and the remaining 
carcass. In addition, the groups of animals dosed with 14C-2,4-TDA were 
likewise sacrificed with CO2 and exsanguinated 48 hr post-dosing, however, 
only the whole carcass (including all tissues) and skin were analyzed for 
radioactivity. Fat and skin were oxidized directly. Aqueous homogenates (33- 
50% w:w) of all other tissues were prepared, and aliquots of these 
homogenates were oxidized in a biological material oxidizer. The 14002 
released on oxidation of these tissues was trapped and quantified as described 
for the feces. 

14C Analysis.  Radioactivity was quantitated with a Beckmann LS 3801 
(Fullerton, CA) liquid scintillation counter and count rates were corrected for 
background and quench (H# technique) to convert counts per minute (cprn) 
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to disintegrations per minute (dpm). Samples containing less than two times 
the average count rate of the concurrently run blanks or backgrounds were 
considered to contain insufficient radioactivity to reliably quantify (that is net 
dpm were less than 1.0 times average background). 

HPLC Analysis. All of the HPLC analyses done for this study were performed 
with Waters models 519 and 590 pumps (Milliriore Waters Associates, Inc., 
Milford, MA), a model 680 gradient controller, a C18-precolumn (2.9 cm x 8 
mm id, 37 - 50 gM) and a Waters Radial-Pak® reverse phase Cig-column (10 
cm x 8 mm, 10 um). A Waters model 481 UV absorbance detector (254 nm) 
and a Beckman model 171 in-line radiochemical detector (Beckman 
Instruments, Inc., Fullerton, CA) were employed. 

Aliquots of the radiolabeled 2,4-TDI were derivatized with piperidine:toluene 
(as above) to afford the corresponding dipiperidyl derivative for 
radiochemical purity determinations. Separation of the resulting 
radiolabeled components was performed via a 10 min linear gradient (70:30, 
0.03M NH4Ac (pH 6.5):acetonitrile to 100% acetonitrile; flow rate=2.0 ml/min) 
with a 10 min final hold at 100% acetonitrile. Parent material and 
radiolabeled impurities were quantified via the in-line radiochemical 
detector. 

Radiochemical purity determination of the 14C-2,4-TDA was performed via a 
20 min linear gradient (100% solvent A (0.03M NI-LiAc, pH 6.5) to 50:50 
solvent A:acetonitrile (v:v); flow rate=1.5 ml/min). Parent material and 
radiolabeled impurities were quantified via the in-line radiochemical 
detector. 

Quantitative deternanation of 2,4-TDI, in the corn oil dose solution or air-
monitoring impinger samples was performed on the dipiperidyl derivative 
via an isocratic HPLC separation (50:5), 0.03M NH4Ac (pH 6.5):acetonitrile 
(v:v)) at flow rates of 2.5 ml/min and 1.5 ml/min, respectively. 
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Quantitative determination of 2,4-TD A in aqueous dose solutions was 
performed either via isocratic HPLC separation (80:20, 0.03M NH4Ac (pH 
6.5):acetonitrile (v:v); flow rate of 1.5 ml/min) or using the gradient HPLC 
conditions described for the radiochemical purity determination of 14C-2,4- 
TDA (above). 

HPLC separation of the urinary metabolites of 2,4-TDI and 2,4-TDA was 
performed via a multistep gradient separation (5 min at 100% solvent A, 15 
min linear gradient to 50% Solvent A, 10 mm a: 50% solvent A, 15 min linear 
gradient to 100% solvent B, 5 min at 100% solvent B; where solvent A is 
0.03M NH4Ac (pH 6.5) and solvent B is 75:25 acetonitrile:solvent A (v:v)) at a 
flow rate of 1.5 ml/min. The same conditions were used in the HPLC analysis 
of the 2„4-TDI fecal specimen extracts. The radiolabeled HPLC analyses of 
metabolite specimens were performed via collection of one minute eluent 
fractions and subsequent LSC analysis. 

GC/MS and GC/MS/MS Analysis. All GC/MS and GC/MS/MS analyses were 
performed on a Finnigan 4610 GC/MS or a Finnigan TSQ-70 GC/MS/MS 
(Finnigan MAT Corp., San Jose, CA), both equipped with Hewlett Palcard 
5890 gas chromatographs and 7673A autosamplers (Hewlett Packard Co., 
Avondale, PA). Separations were achieved using eitlwr DB-1 or DB-5 fused 
silica capillary GC columns from J&W Scientific, Folsom, CA. 

Representative GC conditions for the analysis of free or total urinary 2,4-TDA, 
as the HFBA derivative, were as follows: a 30-rn DB-1 capillary column (0.25 
mm id x 0.25 Inn film); helium carrier gas (10 psig) at a flow rate of 
approximately 1 ml/min; gas chromatograph oven temperature 
programmed from 120°C (1 min initial hold) to 190°C at 20°/min, 6 min hold 
at 190°C, 30°/min to 280°C; injector and capillary transfer line at 250°C; 2-1.1l 
autosampler injection (0.5 min splitless). The mass spectrometer conditions 
(electron impact) were: ion source temperature, 150°C; ionizing current, 0.2 
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mamp; electron energy, 70 eV. The ions m/z 345 and -14 were examined (0.1 
sec/scan) for the detection and quantitation of the HFBA derivative of 2,4- 
TDA. Quantitation was performed using the ratio of peak areas (m/z 345) for 
the 2,4-TDA and 2,6-TDA derivatives. A representative GC/MS 
chromatogram is presented in Figure 1. 

The GC/MS/MS conditions used for the identification and quantitation of 
acetylated-TDA metabolites were as follows: a 30-m DB-5 capillary column 
(0.25 mm id x 1.0 ieim film); helium carrier gas (11 psig) at a flow rate of 
approximately 1 ml/min; gas chromatograph oven temperature 
programmed U m 50°C (1 min initial hold) to 300°C at 25°/min; injector and 
capillary transfer line at 280°C; 	autosampler injection (0.5 min splitless). 
The mass spectrometer conditions (electron impact-MS/MS) were: ion source 
temperature, 150°C; ionizing current, 0.2 mamp; electron energy, 70 eV; 
argon collision cell gas at a pressure of 0.5 torr. Quantitation of the mono-
and diacetyl-TDA metabolites was achieved by selected-ion monitoring (C.125 
sec/scan) of the unique daughter ions formed from collision-induced 
dissociation of the dia :etyl-TDA parent ions for 4-Ac-TDA (D3-acetyl 
derivative), 2,4-Ac2-1-  )A and D9-2,4-Ac2-TDA (209->167, 206->164 and 215- 
>172, respectively). 1.,  uantitation was performed using the ratio of daughter 
ion peak areas for the -ietabolites vs the D9-internal standard. A 
representative GC/MS, MS chromatogram is presented in Figure 2. 
Subsequent MS/MS ideiktification work for the monoacetyl-TDA metabolite 
was performed using the GC/MS/MS conditions listed above, with the 
exception that a limited-range daughter ion spectrum (m/z 163-172) was 
obtained for this metabolite. 

The GC/MS conditions used for the structural identification of the 
monoacetyl-TDA metabolite were as follows: a 30-rn DB-5 capillary column 
(0.25 mm id x 1.0 um film); helium carrier gas (10 psig) at a flow rate of 
approximately 1 ml/min; gas chromatograph oven temperature 
programmed from 150°C (1 min initial hold) to 270°C at 20°/min; injector 

--1 
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and capillary transfer line at 280°C; 1-0 autosampler injection (0.5 min 
splitless). The mass spectrometer conditions (electron impact) were: ion 
source temperature, 150°C; ionizing current, 0.4 mamp; electron energy, 70 
eV. The ions m/z 318 and 360 were examined (0.1 sec/scan) for the detection 
of the HFBA derivatives of 2-Ac-TDA and 4-Ac-TDA. 

RESULTS 

Targeted and Actual Concentration(s) of 2,4-TDI/2,4-TDA Administered.  
The amounts of 2,4-TDI, 2,4-TDA and radioactivity administered to each 
group are presented in Table 2. The 2,4-TDI inhalation exposure 
concentrations and chamber radioactivity are presented in Table 3. For 
individual animal data and chamber concentration calculations see Appendix 
Tables 1 - 6. The average 14C-2,4-1Di and 14C-2,4-TDA doses administered to 
each treatment group ranged from 87% to 113% of target. The time-weighted 
average 14C-2,4-TDI chamber concentrations were 78% and 83% of target. 

No signs of toxicity were observed following oral administration of a 60 mg 
14C-2,4-TDI/kg body weight dose or following administration of 3 and 60 mg 
14C-2,4-TDA/kg body weight doses. uikewise, no signs of toxicity were 
observed following the iv 14C-2,4-TDA dose; however, one rat died in the 
Roth cage due to suffocation, which was the result of a vacuum line failure to 
the cage. Immediately following the 2 ppm 14C-2,4-TDI inhalation exposure, 
all rats appeared lethargic and were not drinking water or eating. However, 
within 12 hr post-exposure these animals appeared normal and were 
consuming both water and food. 

Distribution of Radioactivity Following Oral and Inhalation Exposure to- 14C-
2.4-TDI .  
The distribution of radioactivity recovered in the rat 48 hr after an oral 60 mg 
14C-2,4-TDI/kg body weight dose and 48 hr following a 2 ppm 4 hr inhalation 
exposure to 1 

 
3C-2,4-TDI are presented in Table 4. Following oral 

um. 
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administration, approximately 94% of the administered radioactivity was 
recovered in the urine, feces, tissues and carcass and final cage wash. 
Insufficient radioactivity was eliminated as 14CO2 or 14C-volatile organics to 
quantify. Approximately 81% of the oral 14C-2,4-TDI dose was eliminated in 
the feces which represented the primary elimination route, whereas 8% of the 
dose was eliminated in the urine. The tissues and carcass accounted for 
approximately 4% of the dose and approximately 2 /3 of this radioactivity 
(2.6% of the dose) was associated with the gastrointestinal tract contents. Less 
than 1% of the recovered radior , ctivity was in the final cage wash. Following 
inhalation exposure, excreta were collected through 48 hr post-exposure and 
the feces and urine accounted for 47% and 15% of the recovered radioactivity, 
respectively. The tissues and carcass accounted for 34% of the recovered 
fadioactivity, and approximately 1 /2 of this (17% of the recovered 
radioactivity) was associated with the gastrointestinal tract contents. 
Approximately 4% of the radioactivity was recovered in the final cage wash 
and inclifficipnt radinarHviiv was eliminated as 14CO2 or 14C-volatile organics 
to quantify. 

To facilitate a meaningful comparison between the oral and inhalation 
exposure routes, the percent recovered radioactivity was expressed as lig eq 
2,4-TDI. Rats that were administered a 60 mg/kg oral dose received 
approximately 15 fc'd more 2,4-TDI than rats which were exposed to a 2 ppm 
concentration for 4 hr. In addition, the ug eq 2,4-TDI recovered in the urine 
and feces following the oral dose were, respectively 9 and 28 fold higher than 
what was recovered following the inhalation exposvre. However, nearly 
equivalent amounts of 14C activity (552 and 309 ug eq, respectively) remained 
in the tissues and carcass 48 hr following oral odministration or inhalation 
exposure to 14C-2.4-TDI. 

•■• 
•■■••■ 
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Distribution of Radioactivity Following Oral and iv Administration of  14C-
2 4-TDA .  
The distribution of radioactivity recovered 48 hr after an oral 60 mg or an oral 
and iv 3 mg 14C-2,4-TDA/kg body weight doses are presented in Table 5. For 
ail treatment groups, between 93% and 97% of the administered radioactivity 
was recovered in the urine, feces, carcass/skin and final cage wash. The urine 
was the primary excretion route accounting for 64 - 72% of the administered 
radioactivity, while 20 - 31% was recovered in the feces. For all treatment 
groups the percent radioactivity recovered in the carcass/skin was 
comparable, accounting for 2 - 5% of the administered dose, and less than 
0.5% was recovered in the final cage wash. Comparison of the oral and iv 3 
mg/kg treatment groups indicated that a slightly larger percentage of t he iv 
dose (-10%) was recovered in the urine. However, overall the urinary 
recoveries were quite comparable indicating that 14( 2,4-TDA was well 
absorbed following oral administration. Comparison of the oral 60 and 3 mg 
14C-2,4-TDA/kg body weight treatment groups indicated no quantitative dose-
dependent differences in the routes of elimination. 

Quantitative differences in the primary routes of elimination following 14C-
2,4-TDI (oral or inhalation) and 14C-2,4-TDA (oral or iv) administration were 
observed (Tables 4 and 5). Whereas the urine was a minor excretion pathway 
following 14C-2,4-TDI exposure it represented the major excretion pathway 
following 14C-2,4-TDA administration. 

Radioactivity in Tissues Following Oral and Inhalation Exposure to  14C-2 4- 
TDI. 
Radioactivity recovered in the tissues and carcass at 2 and 48 hr following an 
oral 60 mg/kg dose as well as immediately post-exposure and 48 hr following 
a 2 ppm inhalation exposure are summarized in Table 6 and 7 and listed for 
individual animals in Appendix Tables 7 - 10. At 2 hr following the oral 14C-
^,4-TDI dose, the concentration of radioactivity detected in tissues and carcass 
ranged from 0.002% to 1.306% of the dose/g wet weight. The highest activity 
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was detected in the gastrointestinal tract while the fat contained the lowest 
amounts of radioactivity. Radioactivity was evenly distribated between the 
other tissues, which contained between 0.02% and 0.07% of the dose/g wet 
weight. At 48 hr post-dosing the gastrointestinal tract, liver and kidneys each 
accounted for approximately 0.01% of the dose/g wet weight, while the 
remaining tissues contained less than 0.01%. Immediately following a 2 ppm 
inhalation exposure the radioactivity detected in the tissues and carcass 
ranged from 0.02% to 2.64% of the recovered radioactivity/g wet weight. The 
highest activity was in the lungs while the fat contained the lowest amounts 
of radioactivity. The remaining tissues accounted for between 0.17 and 0.51% 
of the recovered radioactivity/g wet weight. At 48 hr post-exposure the 
kidneys and lungs contained the highest amounts of radioactivity accounting 
for 0.15% and 0.289 of the recovered radioactivity/g wet weight, respectively. 
The remaining tissues accounted for approximately 0.11% of the 
radi aactivity/g wet weight or less. 

The radioactivity detected in the tissues and carcass was also expressed as ug 
eq TDI/g wet weight to facilitate comparison across exposure routes. Analysis 
of the tissues and carcass 2 hr after a 60 mg/kg oral dose and immediately 
following a 2 ppm inhalation exposure indicated that the pg eq of 2,4-TDI 
detected in the ca. ass, fat, kidneys, liver and skin following inhalation 
exposure was 3 - 10 fold lower than levels detected in the oral treatment 
group. As would be expected, the pg eq TDI detected in the gastrointestinal 
tract 2 hr after oral administration was much greater (133 fold) than the 
amount detected following inhalation. The pg eq of 2,4-TU1 detected in the 
lungs were comparable for both treatnent groups. By 48 hr post-dosing, the 
pg eq of 2,4-TDI found in the carcass and kidneys was virtually the same for 
the oral and inhalation b eatment groups. However, the lig eq of 2,4-TDI 
detected in the lungs and skin following inhalation exposure was 3 - 6 fold 
greater than the amounts of 14C activity detected in these ti5sues following 
oral administration. 

ik 
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Radioactivity in Urine Following Oral and Inhalation Exposure to  14 C-2 4- 
TDI. 
The fraction of the radioactivity excreted in the urine during successive 12 hr 
collection intervals after an oral 60 mg 14C-2,4-TDI/kg body weight dose and 
following a 4 hr inhalation exposure to 2 ppm 14C-2,4-TDI are presented in 
Table 8. The individual animal data are listed in Appendix Tables 14 and 15. 
In addition, plots of the 14C urinary time-course for both treatment groups are 
presented in Figure 3. Following oral administration and inhalation 
exposure to 14 C-2,4-TDI, peak urinary excretion of radioactivity occurred 
during the first 12 hr collection interval. However, compared to the oral 
treatment group, the urinary 14C excretion was slower following inhalation 
exposure to 14C-2,4-TDI. The half-lives derived from the slope of the urinary 
14C excretion time-course following 14C-2,4-TDI oral administration and 
inhalation exposure were 7.5 hr and 20 hr, respectively. 

Radioactivity in Urine Following Oral and iv Administration of 14C-214-TDA.  
The fraction of the radioactivity excreted in the urine during successive 12 hr 
collection intervals after an oral 60 mg and oral and iv 3 mg 14C-2,4-TDA /kg 
body weight doses are presented in Table 9. The individual animal data are 
listed in Appendix Tables 16 - 18. In addition, plots of the 14C urinary time-
course for both treatment groups are presented in Figure 3. Urinary 14C-
excretion was comparable following oral and iv 3 mg/kg doses. During the 0 - 
12 hr collection interval 60% and 67% of the radioactivity was excreted in the 
urine for both 3 mg/kg treatment groups and an additional 3 - 5% was 
recovered during the 12 - 48 hi interval. Following a 60 mg/kg oral 
administration of 14C-2,4-TDA, 36% and 20% of the dose was recovered in the 
0 - 12 hr and 12 - 24 hr collection intervals, respectively; indicating a slightly 
slower rate of urinary 14C excretion compared to the 3 mg/kg dose groups. 
The half-lives derived from the slope of the 14:.. urinary excretion time-course 
were 8 hr and 4.6 hr for the 60 and 3 mg/kg dose groups, respectively. 
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Comparison of the 14C urinary time-course following an oral 60 mg/kg 14C-
2,4-TDI or 60 and 3 mg/kg 14C-2,4-TDA doses indicated that the 14C urinary 
excretion rates (t 1/2 = 5 - 8 hr) were similar. In contrast, inhalation exposure 
to 14C-2,4-TDI resulted in a much slower clearance of 14C activity in the urine 
(t 1/2 = 20 hr). 

Radioactivity in Feces Following Oral and Inhalation Exposure to  14C-2,4-TDI. 
The amount of radioactivity excreted in the feces during successive 24 hr 
collection intervals after an oral 60 mg 14C-2,4-TDI/kg body weight dose and 
following an inhalation exposure to 2 ppm 14C-2,4-TDI are presented in Table 
10. The individual animal data are listed in Appendix Tables 19 and 20. 
Following oral administration, 50% and 30% of the administered dose was 
recovered in the feces during tl -  e 0 - 24 hr and 24 - 48 hr collection intervals, 
respectively. For the inhalation exposure group, the rats did not eliminate 
enough feces during ,he first collection interval for analysis, therefore feces 
were collected and analyzed only through 48 hr post-exposure. The feces 
accounted for 47% of the recovered radioactivity following inhalation 
exposure to 14C-2,4-TDI. 

Radioactivity in Feces Following Oral and iv Administration of  14C-2,4-TDA.  
The fraction of the radioactivity excreted in the feces during successive 24 hr 
collection intervals after an oral 60 mg and oral and iv 3 mg 14C-2,4-TDA/kg 
body weight dose are presented in Table 11. The individual animal data are 
listed in Appendix Tables 21 - 23. Fecal 14C excretion was comparable 
following an oral and iv 3 mg/kg dose. During the 0 - 24 hr collection 
interval 25% and 15% of the radioactivity was excreted in the feces for the oral 
and iv treatment groups, respectively, an additional 6% was recovered during 
the 24 - 48 hr interval. Following a 60 mg/kg oral administration, 8% and 
14% of the dose was recovered in the 0 - 24 hr and 24 - 48 hr collection 
intervals, respectively; indicating a slower rate of fecal 14C excretion compared 
to the 3 mg/kg dose groups. 

WINS 



THE DOW CHEMICAL COMPANY 
STUDY ID: K-022862-003 
PAGE 29 

Chromatograms of Urine and Fecal Specimens Following Oral and Inhalation 
Exposure to  14C-2 4-TDI. 
HPLC analyses were performed on pooled urine specimens and solvent 
extracted pooled fecal spec tens following a 60 mg/kg oral dcse and 2 ppm 
inhalation exposure to 14C-2,4-TDI. Representative chromatograms are 
presented in Figures 4 and 5. Recovery from the HPLC system ranged from 
89% to 100%. Overall HPLC analyses of the urine and fecal specimem 
indicated no qualitative dirferences in metabolite profiles between the oral 
and inhalation treatment groups. Between 5 and 6 radioactive peaks were 
observed in the urine and the majority of the radioactivity eluted with 
retention times ranging from 20 to 30 min. HPLC profiles of the fecal extracts 
from both the oral and inhalation treatment groups were also comparable. 
Both contained 3 major peaks with the majority of the radioactivity eluting 
from the HPLC between 20 and 30 min. I IPLC analysis of 2,4-TDA, mono-
and diacetylated-TDA standards indicated that these metabolites eluted with 
retention times of 25, 27 and 26 min, respectively, corresponding to the 
retention times of the majority of 14C activity in the urine and fecal 
specimens. 

Concentration of Acetylated. Free 2,4-TDA and Acid-Labile 2A-TDI/TDA  
Conjugates in Urine. 
The concentration of mono- and diacetylated-TDA, free 2,4-TDA, and acid-
labile conjugates of 2,4-TDI/2,4-TDA in the urine following exposure of rats to 
14C-2,4-TDI and 14C-2,4-TDA are presented in Tables 12 and 13. Mono- and 
uiacetylated TDA were detectable in the urine following an oral 60 mg/kg 
dose and 2 ppm exposure to 14C-2,.4-TDI. MS/MS analysis indicated that the 
monoacetyl-TDA was primarily the 4-acetyl isomer (Figure 6). These results 
were confirmed via additional GC/MS analysis of the HFBA derivative of the 
metabolic monoacetyl-TDA (data not shown). Free 2,4-TDA was only 
detectable in the urine specimen from the 60 mg/kg dose group. The total 
amount of free -! aretylated TDA metabolites detected in the urine specimens 
following ora! or inhalation exposure to 14C-2,4-TDI werc 1.92 and 0.05 gg eq 
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2,4-TDA/g urine, respectively; ind 
dose a larger amount of 2,4-TDA a 
detected in the urine compared to 

ting that following the oral 14C-2,4-TDI 
acetylated metabolites (38 fold) were 
e inhalation exposure group. 

Analysis of urine specimens for total add-labile conjugates of 2,4-TDI/2,4- 
TDA (Table 13), detected 5.56 and 0.49 1.tg eq 2,4-TDA/g urine following the 
oral and inhalation exposure to 14C-2,4-TDI, respectively. Comparison of the 
ratio between the free + acetylated TDA to the total acid-labile metabolites 
indicated that following an oral 60 mg/kg 14C-2,4-TDI dose approximately 35% 
of detected metabolites existed as either free or acetylated 2,4-TDA and 65% 
existed as other 2,4-TDI/2,4-TDA conjugates. In contrast, analysis of the urine 
specimens from rats exposed to 2 ppm 14C-2,4-TDI indicated that only 10% of 
the quantitated metabolites were identified as acetylated TDA while the 
remaining 90% were other conjugated form.; of either 2,4-TDI or 2,4-TDA. No 
free 2,4-TDA was detected. 

Mono- and diacetvlated-TDA as well as free 2,4-TDA were detectable in the 
urine specimens following an oral 60 mg and oral and iv 3 mg 14C-2,4- 
TDA/kg body wcight doses (Table 12). There were no quantitative differences 
in the amount of acetylated metabolites or 2,4-TDA detected in the urine 
following the oral and iv 3 mg/kg doses. In addition, the amounts of 
acetylaied metabolites and 2,4-TDA detected in the urine from all treatment 
groups were proportional to the administered dose. Comparison of the ratio 
between the free + acetylated TDA metabolites with the total acid-labile 
metabolites indicated that following an oral 60 mg/kg 14C-2,4-TDA dose 
approximately 61% of detected metabolites existed as either free or acetylated 
2,4-TDA while the remaining 39% existed as other conjugates of 2,4-TDA. 
Whereas, following the 3 mg/kg dose, between 84% and 87% of the detectable 
metabolites were identified as either acetylated or free 2,4-TDA. This indicates 
that at lower doses, 2,4-TDA does not undergo much conjugation other than 
acetylation. 
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Urine specimens obtained from rats following an oral 60 mg/kg 14C-2,4-TDI 
dose contained 38 and 20 fold less mol‘o- and diacetyl-TDA and 69 fold less 
free 2,4-TDA than the urine obtained from rats administered an oral 60 
mg/kg 14C-2,4-TDA dose. The amount of free + acetylated TDA metabolites 
detected in the urine specimens following a 2 ppm inhalation exposure to 
14C-2,4-TDI can be compared with the amounts detected following the oral 3 
mg /k-g  14 C-2,4-TDA dose. This comparison was reasonable since 2 ppm 2,4- 
TDI inhalation exposure and 3 mg/kg oral 2,4-TDA dose were nearly 
equivalent on a ug eq basis (i.e. 899 vs 729 ug eq). Following 14C-2,4-TDI 
inhalation exposure no free 2,4-TDA was detectable in th: urine. In addition, 
the 14C-2,4-TDI urine specimens contained 38 and 94 fold less mono- and 
diacetyl-TDA than the urine obtained from rats administered an oral 14C-2,4- 
TDA dose. Comparison of the 2 ppm 14C-2,4-TDI inhalation exposure and 3 
mg/kg oral 14C-2,4-TDA dose groups indicated that approximately 90% and 
16% of the detected metabolites existed as acid-labile conjugates, respectively. 
nncpc1  fIn these 	tho rate c■vrinc ed via inhalation to 14C-2,4-TDI had a 
much larger percentage of their TDI metabolites existing in a conjugated 
form, when compared to the 14C-2,4-TDA treatment group. 

DISCUSSION 

This study was initiated to provide a qualitative and quantitative assessment 
of 14C-2,4-TDI absorption, distribution, metabolism and excretion following 
oral and inhalation exposure in the rat. It was anticipated that a comparative 
evaluation of the pharmacokinetics following oral and/or inhalation 
exposure could provide perspective on the route dependent differences in 
14C-TDI carcinogenicity (Loeser, 1983; Dieter et al., 1990). In this respect, a 
major focus of this study was to quantify the formation of 2,4-TDA and 
acetylated TDA metabolites following 14C-2,4-TDI exposure (oral and 
inhalation). In additiou, comparative 14C-2,4-TDA pharmacokinetic studies 
were conducted. The rationale for this approach was reasonable based on the 
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potential chemical or metabolic conversion of 2,4-TDI to 2,4-TDA, a known 
rodent carcinogen (NCI, 1979). 

The data suggest that orally administered 14C-2,4-TDI is not very well 
absorbed. The rats 'Aiminated approximately 8% of the radioactivity in the 
urine and cage wash while 4% was recovered in the tissues and carcass. Thus 
the minimum estimate for absorption was 12%, which assumed that the 
radioactivity recovered in the feces (-81%) represented unabsorbed material. 
A more realistic estimate for absorption was obtained by assuming that some 
of the radioactivity in the feces was absorbed. Saclay (1977) reported that -8% 
of an inhaled TDI dose (<1 ppm) was eliminated through the bile into the 
feces with an elimination half-life of 26 hr. Assuming that Saclay's data on 
biliary excretion is correct then as much as 20% of the oral dose may have 
been absorbed. The incomplete absorption following oral administration of 
14C-2,4-TDI is consistent with previous studies (RTI, 1985, 1988; Stoltz et al, 
1987). RTI (1985) reported that TDI was very unstable in stomach contents in 
vitro with a half-life of 2 min. In addition, orally administered TDI was 
reported to undergo a rapid hydrolysis under aqueous conditions to form 
TDA which reacted with available isocyanate groups (TDI) to form polyureas. 
This explains why increasing the dose decreases bioavailability and why at 
relatively high doses (700 and 900 mg/kg) polymerized TDI was observed 
lining the stomach and intestines (RTI 1985, 1988; Stoltz et al., 1987). Based on 
this rapid reactivity it is doubtful that TDI was absorbed prior to its hydrolysis 
to TDA. Therefore, the 12 - 20% of the 14C-2,4-TDI dose that was absorbed, 
most probably represented 14C-2,4-TDA that had not reacted to form 
polyureas. Based on the above, it was assumed that the radioactivity that was 
absorbed and excreted in the urine following the 14C-2,4-TDI oral dose was 
absorbed primarily as 14C-2,4-TDA. The incomplete oral absorption of 2,4-TDI 
was also evident when comparing the percent recovered radioactivity in the 
urine following the 60 mg/kg oral 14C-2,4-TDA and 14C-2,4-TDI treatments. If 
100% of the TDI dose was hydrolyzed to TDA and absorbed, then based on the 
TDA absorption data it was anticipated that 65% of the TDI dose would be 
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excreted in the urine. However, only 8% of the TDI dose was excreted in the 
urine suggesting that only 12% (8%/65%) of the dose was absorbed. 
Additional evidence for incomplete oral absorption of 14C-2,4-TDI was 
provided by comparing the amount of free + acetylated TDA metabolites in 
the urine of rats administered 60 mg/kg doses of 14C-2,4-TDI and 14C-2,4-TDA. 
Again, if 100% of the oral TDI dose was hydrolyzed to TDA and absorbed then 
approximately 63 1.kg eq 2,4-TDA/g urine should have been excreted in the 
urine. However, following the oral TDI dose, 1.9 gg eq 2,4-TDA/g urine was 
excreted, suggesting that only 3% (1.9/63) of the dose was absorbed. Therefore, 
it was concluded that in the rat orally administered 2,4-TDI at a dose of 60 
mg/kg body weight was incompletely absorbed (-12 - 20%) and primarily 
eliminated as unabsorbed material in the feces (-80%). 

Rats which were exposed to 14C-2,4-TDI vapors retained essentially all the 
radioactivity that they inhaled. The estimated inhaled 14C-2,4-TDI was 
calculated to be approximately 709 	eq 2,4-TDI/ rat. This estimate was based 
on a 4 hr exposure to a target concentration of 2 ppm 14C-2,4-4 DI using a 
minute volume of 0.264 liter min -1  in the rat (Mauderley, 1986). The total 
recovered radioactivity in the excreta, tissues and carcass averaged 899 lig eq 
2,4-TDI/ rat, indicating that the rats retained approximately 1.3 times as much 
14C-2,4-TDI as predicted. However, because of stress the minute volume may 
have een greater than 0.264 liter min -1  resulting in a larger exposure to 14C-
2,4-TDI. Nonetheless, these data suggest that essentially all the inhaled 14C-
2,4-TDI was retained in the anir al. These observations were consistent with 
the findings of Kennedy et al. (1989) who reported that the uptake of TDI into 
the blood of guinea pigs exposed for 1 hr to concentrations ranging from 0.05 
ppb to 146 ppb was linear and the concentration of TDI in the blood was 
directly related to the atmospheric TDI concentration multiplied by duration 
of exposure (ppm x hr). These findings of Kennedy et nl. (1989) suggest that 
the fraction of inhaled TDI that was retained in the body was constant for each 
breath and over a wide range of TDI concentrations. 

•N• 	 flow= 
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Although essentially all the inhaled 14C-2,4-MI appeared to be retained by the 
rat, the data suggest that not all of this TDI was absorbed through the lungs 
into the blood. At 48 hr following a 14C-2,4-TDI inhalation exposure, the 
urine and cage wash accounted for 19% of the recovered radioactivity, the 
tissues and carcass accounted for 34%, and 47% was recovered in the feces. As 
previously noted, Saclay (1977) reported that 8% of an inhaled dose (< 1 ppm) 
was eliminated in the bile of a rat with a half-life of approximately 26 hr. If 
8% of the inhaled 14C-2,4-TDI dose was absorbed through the lungs and 
cleared into the feces by biliary excretion, at a minimum 61% of the inhaled 
14C-2,4-TDI dose was absorbed. However, quantitation of the radioactivity 
detected in the tissues and carcass immediately post-exposure suggested that 
at least 80% of the radioactivity was absorbed (Appendix Table 25). The 
remaining 20% of the retained radioactivity may have been rapidly cleared 
from the respiratory tract and subsequently swallowed. The pulmonary 
clearance of radioactivity from the lung to the gastrointestinal tract was 
supported by the fact that approximately 10% of the recovered inhalation dose 
was detected in the gastrointestinal tract contents of rats immediately post-
exposure (Appenaix Table 25). Due to the relatively slow and minimal (8% of 
dose; t 1/2 > 52 hr) biliary clearance of 14C-TDI (Saclay, 1977) it is improbable 
that all the radioactivity detected in the gastrointestinal tract was eliminated 
via the bile. These data suggest that between 61 - 80% of the inhaled 14C-2,4- 
TDI dose was absorbed, and the remaining radioactivity was rapidly cleared 
from the respiratory tract, ingested and then eliminated in the feces. 

The distribution of radioactivity in the tissues following oral and inhalation 
exposure to 14C-2,4-TDI were consistent with the results of previous studies 
(Saclay, 1977; Stoltz et al., 1987; RTI, 1988). In general, organs which were in 
direct contact with the 14C-2,4-TDI vapor or liquid or that were involved in 
elimination had the highest levels of radioactivity. Comparison of the total 
amount of radioactivity in the tissues and carcass of rats indicated that a larger 
fraction of the recoveAed radioactivity was in the tissues and carcass following 
the inhalation exposure. These data are consistent with the findings of Stoltz 

um. 
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et aL (1987) and RTI (1988) who reported that, following oral administration 
of 14C-TDI at doses of 60 and 70 mg/kg, the tissues (including intestinal 
contents) accounted for only 2% and 0.7% of the recovered dose at 48 hr and 
72 hr post-dosing, respectively. Likewise, the higher percentages of the 
recovered radioactivity observed in the tissues and carcass following 
inhalation exposure were consistent with a previous study in which 18 -24% 
of an inhaled 14C-2,4-TDI dose was recovered in the carcass 96 hr post-
exposure (Stoltz et 	1987). These higher levels of radioactivity detected in 
the tissues and carcass appear to be uniquely associated with inhalation 
exposure to TDI. This conclusion was supported by the relatively small 
percentages of the dose recovered in the tissues and carcass following oral 14 C-
2,4-TDI or 14C-2,4-TDA administration (range 2 - 5% of the dose). 

Overall, these data suggest that following inhalation exposure, a large 
percentage of the 14C-2,4-TDI was absorbed through the lungs and existed in a 
different form than what was absorbed following oral 2,4-TDI and/or 2,4-TDA 
doses. One possible explanation for this difference was that inhaled TDI may 
have interacted with -wailable proteins in the lungs or blood forming TDI-
protein adducts. Brown et al. (1987) reported that TDI readily reacts with 
selected functional groups on proteins such as hydroxyl, sulfhydryl, and 
imidazole groups under physiological conditions. Plasma obtained from rats 
exposed to 14C-TDI by inhalation had g. eater than 90% of the radioactivity 
associated with proteins (Saclay, 1977). The rat( of reaction with these 
p"^teins may be quite fast since in vitro the half-i of unchanged TDI in 
bt.rum was reported to be 30 seconds (RTI, 1985). FtA, thermore, Kennedy et al. 
(1990) reported that, following a 14C-TDI inhalation exposure in guinea pigs, 
95% of the radioactivity in the blood was covalently associated with a 70 kDa 
plasma protein, forming a stable 14C-2,4-TDI-protein conjugate. Finally, the 
possibility of a TDI-protein adduct is supported by analysis of the urinary 
metabolites which indicated that following inhalation exposure 
approximately 90% of the quantifiable 2,4-TDI/TDA was excreted in the urine 
of rats in a conjugated form (other than acetylation). 
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The urinary excretion of radioactivity by the kidneys was slower following 
inhalation exposure (t 1/2= 20 hr) when compared to the oral 14C-2,4-TDI dose 
group (t112. 7.5 hr). This slower rate of urinary excretion of inhaled 14C-2,4- 
TDI appears to be uniquely associated with inhalation exposure to TDI and is 
not linked to TDA or TDA metabolites. This conclusion is supported by the 
faster urinary excretion of radioactivity following 14C-2,4-TDA administration 
(range t 1/2= 5 - 8 hr). These findings are also consistent with the slower 
clearance of radioactivity from the tissues and carcass following inhalation 
exposure to 14C-2,4-TDI and also suggest that inhaled 2,4-TDI was eliminated 
in the urine in a different form having a longer biological half-life than orally 
administered 2,4-TDI and/or 2,4-TDA 

e 

HPLC analysis of urine specimens obtained following oral and inhalation 
exposure to 14C-2,4-TDI did not provide adequate resolution for any 
meaningful interpretation of these HPLC profiles. However, GC/MS and 
CC/MS/MS were successfully utilized to identify and quantify free and 
acetylated 2,4-TDA metabolites in the urine following exposure to either 14C-
2,4-TDI or 14C-2,4-TDA. Quantifiable levels of mono- and diacetylated TDA 
were detectable in the urine following oral and inhalation exposure to 14C-
2,4-TDI. However, free 2,4-TDA was found only in the urine specimens 
following oral 14C-2,4-TDT administration. The total amount of free + 
acetylated TDA metibolites excreted following a 60 mg/kg oral 14C-2,4-TDI 
dose was comparable to the amount detected in the urine following a 3 mg/kg 
14C-2,4-7DA dose suggesting that, these doses were biological equivalert in 
terms of TDA. In contrast, the amount of free + aretylated TDA detected in 
the urine following a 4-hr inhalation exposure 4  ("' *2 ppm -f 14 u C-2,4-TDI was 
relatively small. This suggests that in tiLe rat, very little 2,4-TDA is formed 
following inhalation exposure to 14C-2,4-TDI vapors. hi addition, 90% of the 
quantitated metabolites in the urine specimens following inhalation 
exposure to 14C-2,4-TDI existed as acid-labile conjugates of TDI/TDA while 
only 10% existing as acetylated TDA. This indicated that following inhalation 
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exposure, a 	percentage of the 14C-2,4-TDI was excreted in the urine in a 
conjugated for 	.ad not as free or %'...etylated TDA. 

A proposed metabolic scheme is presented in Figure 7. Under appropriate 
conditions 2,4-TDI readily hydrolyzed to form 2,4-TDA. The 2,4-TDA can 
react with free 2,4-TDI forming polyureas, or the 2,4-TDA can be absorbed and 
undelso further metabolism. It is also conceivable that 2,4-TDI will 
covalently react with available hydroxyl, sulfhydryl and amine groups on 
macromolecules which can in turn be eliminated in the urine/feces as acid-
labile TDI conjugates. Absorbed 2,4-TDA can likewise be excreted in the urine 
either unchanged or as acid-labile conjugates. Additionally, 2,4-TDA can be 
N-acetylated forming mono- and diacetylated TDA metabolites which are 
readily excreted in the urine. The monoacetylated TDA was found to be 
prima:ily the 4-acetyl isomer. This agrees with previous in vivo  and in vitro 
studies with 2,4-TDA which showed selective N-acetylation at the 4-position 
of TDA (Grantham et al. 1980, Glinsukon, et al, 1975b). Although no 
attempt was made to quantitate ring hydroxylated metabolites it should be 
noted that a number of aminophenol and aminobulzoic acid metabolites 
have been detected in the urine from rats, mice, guinea pigs and rabbits 
following 2,4-TDA administration (Waring and Pheasant, 1976; Grantham et 
al. 1980). 

Overall, these data suggest that the metabolic dispo.sition and carcinogenic 
potential of 2,4-TDI are dependent upon the route of exposure. Oral 
administration enhances the hydrolysis of 2,4-TDI forming 2,4-TDA which is 
readily absorbed. Whereas, inhalation expo3ure to 2,4-TDI primarily results 
in the formation of 2,4-TDI-protein adducts arid only small amounts of free 
2,4-TDA are produced. These findings are consistent with the chronic 
bioassay data which indicated that 2,4-TDI was not carcinogenic following 
inhalation exposure, but did result in tumor formation following oral 
administration in corn oil. Considering that the primary route of 
occupational exposure to TDI is via the inhalation route, then the metabolic 

- I 
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and bioassay data would suggested that the carcinogenic potential of TDI is 

In summary, these data indicate that there are clear qualitative and 
quantitative differences in the absorption, distribution, metabolism and 
excretion of 14C-2,4-TDI following oral and inhalation exposure in the rat. 
Following both oral and inhalation exposure to 14C-2,4-TDI the majority of 
the recovered radioactivity was eliminated in the feces while tiv! urine 
represented the minor excretory route. Following a 60 11,6/kg oral dose, 14C-
2,4-TDI is incompletely absorbed (12 - 20%) with the majority of the dose 
(-80%) excrete'l in the feces. Whereas, following a 2 ppm innalation 
exposure, essentially all the inhaled 14C-2,4-TDI was retained by the animal 
and between 61 - 80% of this retained radioactivity was absorbed through the 
lungs, while the remaining radioactivity was cleamsd from the lung, 
swallowed and eliminated in the feces. The overall percent recovery of 
radioactivitl in the tissues and carcass was greater follo , ving inhalation 
exposure when compared to the orally administered 14  2,4-TDI or 14C-2,4- 
TDA. Likewise, the time-course of 14C-2,4-TDI excretion in the urine was 
slower when compared to the oral 14C-2,4-TDI and 14C-2,4-TDA dose gro, 
This higher percent radioactiviti in the iissues and carcass and the slower 
urinary 14C excretion are uniquely associated with inhalation exposure to 
TDI Quantifiable levels of mono- and diacetylated TDA were detectable in 
the urine following oral and inhalation exposure to 14C-2,4-TDI, however free 
2,4-TDA was only detectable in the urine specimen following oral 
administration of 14C-2,4-TDI or 14C-2,4-TDA. Quantitation of the urinary 
metabolites from the 60 mg/kg 14C-2,4-TDI oral dose indicated that this dose 
was equivalent, in terms of systemic exposure, to a 3 mg/kg 14C-2,4-TDA dose. 
Following inhalation exposure to 14C-2.4-TDI small amounts of acetylated 
TDA were detect lble in the urine. However, approximately 90% of the 
quantitated urinary metabolites existed as acid-labile conjugates. These 
findings suggest that following inhalation exposure a large percentage of the 
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14C-2,4-TDI was absorbed and excreted in a different form than what was 
observed following an oral 2,4-TDI and/or 2,4-TDA doses. 
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METABOLIC FATE OF 14C-TOLUENE-2,4-DIISOCYANATE IN FISCHER 344 RATS 

Table 1. Radioactivity, Concentration and Radiochemical Purity of the 2,4-TDI and 2,4-TDA Dose Solutions. 

Targeta 	Target 	 Actual 	 Actual 	Radiochemical 
Radioactivity 	Concentration 	Radioactivity 	Concentration 	Purity 

Ki/g) 	(mg/g) 	 (gCl/g) 	(mg/g) 	 (Percer 

Oral 

60 mg/kg 2,4-TDI 72.5a 21.7a 80.4 (111%) 21.3 (98%) 100.0±0.1 

60 mg/kg 2,4-TDA 66.7 20.0 98.8 (148%) 21.4 (107%) 97.7±0.2 

3 mg/kg 2,4-TDA 66.7 1.0 60.4 (91%) 1.1 (110%) 97.7±0.2 

iv 

3 mg/kg 2,4-TDA 200.0 3_0 166.7 (83%) 2.8 (93%) 97.7±0.2 

aCorrected for the specific g-ravity of corn oil (0.92 g/mD. 
Values in ( 	) represent the percent of target concentration. 



0.249±0.003 
0.226±0.003 
0.229±0.003 

0.224±0.009 

0.253±0.006 

40 nr rost-uosing uroups 
Oral 

60 mg/kg 2,4-TDIa 
60 mg/kg 2,4-TDA 
3 mg/kg 2,4-TDA 

iv 
3 mg/kg 2,4-TDA 

2 hr Post-Dosing Group 
Oral 

60 mg/kg 2,4-TDI 

55.19±0.28 14.63±0.08 58.80±0.30 (98%) 
66.65±0.76 14.30±0.16 63.42±0.33 (106%) 
43.13± 0.99 0.779±0.02 3.40±0.12 (113%) 

34.85±1.05 0.584±0.02 2.61±0.05 (87%) 

56.6a1.42 15.01±0.40 59.37±0.22 (99%) 
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METABOLIC FATE OF 14C-TOLUENE-2,4-DIISOCYANATE IN FISCHER 344 RATS 

Table 2. Average Amount of Radioactivity and 2,4-TDI or 2,4-TDA Administered to Male Fischer 344 Rats. 

Body Wt. 	 Radioactivity 	 Dose 
(kg) 	 (p.Ci) 	 (mg) 	 (mg/kg) 

Values represent Mean ± SD for 4 animals 
aValues represent Mean ± SD for 3 animals. 
Values in ( ) represent the percent of target dose. 

• 
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METABOLIC FATE OF 14C-TOLUENE-2,4-DIISOCYANATE IN FISCHER 344 RATS 

Table 3. Targeted and Actual Time-Weighted Average (TWA) 2,4-TDI Concentration, Radioactivity, 14C-2,4-TDI and 
Radiochemical Purity, for Groups of Fischer 344 Male Rats Exposed to 14C-2,4-TDI 

via Inhalation for a 4 hr Period. 

Target 	Actual Radio- Radiochemical 
TWA Conc. Radioactivity 	activity 	Purity 

(Ppm) 	(dpm/ml) 	(dpm/ml) 	Percent Groups 
Body wt.a Target Conc. 

(kg) 	(Ppm) 

48 hr 
Post-Dosing 0.250±0.008 2 1.55 (78%) 432 272.4 (63%) 

Immediately 
Post-Dosing 0.247±0.003 2 1.65 (83%) 432 358.0 (83%) 

1 94.6±0.1% 

aValues represent Mean ± SD for 4 animals. 
Values in ( ) represent the percent of target concentration. 



33±17 3.73±1.95 

N A 899±35 TOTAL 13717±573 93.80±4.32 
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METABOLIC FATE OF 14C-TOLUENE-2,4-DIISOCYANATE IN FISCHER 344 RATS 

Fischer 344 Rats were Given an Oral Dose of 60 mg 14C-2,4- 
2 ppm 14C-2,4-TDI Vapors for a 4 hr Period. 

2 ppm 2 4-TDIb 	  
Percent o 

eq 2,4-TDI 	Recovered Radioactivity 	1..tg eq 2,4-TDI 

Table 4. Distribution of Radioactivity 48 hr After Male 
TDI/kg of Body Weight or Exposed to 

60 mg/kg 2,4-TDIa 
Percent of 

Administered Dose 

14.85±1.39 
47.29±11.98 
34.14±11.53 

NQ 
NQ 

(16.63±9.18) 

133±10 
424±102 
309±113 

NQ 
NQ 

(150±86) 

Urine 
Feces 
Tissues & Carcass 
14co2  
14C Volatile Organics 
Cage Wash 

8.38±0.41 
80.67±5.30 

3.77±0.87 (2.56±0.84) 
NQ 
NQ 

0.99±0.52 

1225±59 
11795±718 

552±129 (375±124) 
NQ 
NQ 

145±77 

\\ 

aValues represent Mean ± SD for 3 animals. 
bValues represent Mean ± SD for 4 animals. 
Values in ( ) represent 14C activity found in the gastrointestinal tract contents. 
NA - Not Applicable. 
NQ - Not Quantifiable. Too. 
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METABOLIC FATE OF 14C-TOLUENE-2,4-DIISOCYANATE IN FISCHER 344 RATS 

Table 5. Distribution of Radioactivity 48 hr After Male Fischer 344 Rats were Given Doses of 60 (Oral) or 3 (Oral and 
iv) mg 14C-2,4-TDA/kg of Body Weight. 

3 mg/kg 2,4-TDA, Oral 	 3 rn-7/kg 2,4-TDA, iva 	 

Percent of 
Administered Dose 2,4-TDA 

eci 	Per cent of 	Ptg ecl 
Administered Dose 2,4-TDA 	Adininistered Dose 2,4-TDA 

Percent of 

Urine 64.%±2.47 9287±300 63.67±15.0 471±128 72A9±0.74 427±13 
Feces 22.57±1.54 3228±229 30.70±3.78 239±27 20.06±0.90 11S+8 
Carcass/Skin 4.62±1.67 662±245 2 n2±0.36 16±3 2.13±0.12 13±1 
Cage Wash 0.49±0.12 70±18 0.24±0.11 2±1 0 :)7±-0.36 5±5 

TOTAL 92.63±0.67 13246±173 96.62±12.08 729±110 95 05±0.43 563±24 

Values represent Mean ± SD for 4 animals. 
aValues represent Mean ± SD for 3 animals for 24 - 48 hr post-dosing interval 

47.0  
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METABOLIC FATE OF 14C-TOLUENE-2,4-DIISOCYANATE IN FISCHER 344 RATS 

Table 6. Concentration of radioactivity and in the Tissues 2 hr After Male Fischer 344 Rats Were Given an Oral Dose 
of 60 mg 14C-2,4-TDI/kg of Body Weight or Immediately Following a 4 hr to 2 ppm 14C  2,4-TDI Inhalation Exposure. 

60 mg 2,4-TDI/kg 2 ppm 2 4-TDI 

Percent of Administered 	eq 2,4-TDI/g 
Dose/g Wet Tissue 	Wet Tissue 

Percent of Recovered 
Radioactivity /g Wet Tissue 

jtc eq 2,4-TDI/g 
Wet Tissue 

Blood N A N A N A N A 
Carcass 0.038±0.024 5.69±3.78 0.508±0.018 2.02±0.30 
Fat 0.002±0.002 0.34±0.29 0.019±0.004 0.07±0.03 
Gastrointestinal Tract 1.306±0.450 195.86±66.27 0.375±0.109 1.51±0.62 
Kidney 0.044±0.009 6.54±1.46 0.420±0.076 1.65±0.23 
Liver 0.057±0.017 8.48±2.33 0.220±0.027 0.87±0.13 
Lung 0.071±0.114 10.73±17.46 2.639±1.198 10.62±5 73 
Skin 0.019±0 009 2.58±1.94 0.169±0.061 0.65±0.26 

Values represent Mean ± SD for 4 animals. 
NA- Not analyzed. 
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METABOLIC FATE OF 14C-TOLUENE-2,4-DII3OCYANATE IN FISCHER 344 RATS 

Table 7. Concentration of Radioactivity in the Tissues 48 hr After Male Fischer 344 Rats Were Given an Oral Dose of 
60 mg 14C-2,4-TDI/kg of Body Weight or Following a 4 hr 2 ppm 14C-2,4-TDI Inhalation Exposure. 

   

2 ppm 2,4-TDIb 	  ,.. • ....— „ ^ 60 mg LA- 1 uu Kr 

  

   

Percent of Administered 
Dose/g Wet Tissue 

1.tg eq 2,4- TDI/g 
Wet Tissue 

Percent of Recovered 
Radioactivity /g Wet Tissue 

gg eq 2,4-TDI/g 
Wet Tissue 

Blood 0.008±0.001 1.22±0 16 0.066±0.012 0.59±0.10 
Carcass 0.005±0.002 0.78±0.22 0.075±0.019 0.68±0.20 
Fat 0.001±0.001 0.20±0.08 0.008±0.005 0.07±0.04 
Gastrointestinal Tract 0.011±0.008 1.56±1.19 0.082±0.028 0.73±0.24 
Kidney 0.013±0.001 1.85±0.17 0.147±0.034 1.32±0.30 
Liver 0.011±0.001 1.66±0.09 0.055±0.006 0.49±0.06 
Lung 0.003±0.001 0.44±0.15 0.283±0.124 2.53±1.07 
Skin 0.002±0.001 0.34±0.09 0.108±0.032 0.98±0.32 

aValues represent Mean ± SD for 3 animals. 
bValues represent Mean ± SD for 4 animals. 
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Table 8. Concentration of Radioactivity Excreted in the Urine During the Indicated Intervals by Male Fischer 344 Rats 
Given an Oral 60 mg 14C-2,4-TDI/Kg of Body Weight or Exposed to 2 ppm 14C-2,4-TDI Vapors for a 4 hr Period. 

60 mg 2,4-TDIllsga 	 2 ppm 2,4-TDI b 	  

Collection Interval 
(Hr Post-Dosing) 

Percent of 
AdministerPd Dose eq 2,4-TDI 

Percent of 
Recovered Radioactivity 1.1g eq 2,4-TDI 

0-12 6.64±0.23 971±34 7.96±1.46 71±10 

12-24 1.09±0.24 159±35 2.31±1.37 21±12 

24-36 0.43±0.11 63±17 2.68±0.33 24±3 

3648 0.22±0.06 32±9 1.89±0.71 17±7 

TOTAL 8.38±0.41 1225±59 14.85±1.39 133±10 

aValues represent Mean ± SD for 3 animals. 
bValues represent Mean ± SD for 4 animals. 
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Table 9. Radioactivity Exaeted in the Urine During the Indicated Intervals by Male Fischer 344 Rats Given Doses of 
60 (Oral) or 3 (Oral and iv) mg 14C-2,4-TDA/kg of d.)T Weight. 

60 mg 2,4-TDA/kg. Oral 	3 mg 24-TDA/kg, Oral 	3 mg 2,4-TDA/kg, iv 

1/4.A.E. LUC ULM 	I/ al 	rement 	 Percent of ecl 	Percent of 	lig ecl 
(Hr Post-Dosing) Administered Dose 2,4-TDA Administered Dose 2,4-TDA Administered Dose 2,4-TDA 

.60°.  

0-12 35.73±2.20 5154±287 60.42±15.07 472±128 66.96±1.18 391±11 

12-24 i.0.20±6.20 2685±982 2.51±0.41 20±3 3.60±0.65 21±3 

24-36 7.86±4.11 1211±673 0.47±0.04 4±0.3 0.89±0.21a 5±1a 

36-43 1.17±0.41 179±67 0.27±0.04 2±0.3 0.36±0.09a 2±0.5a 

TOTAL 64.96±2.47 9287±300 63.67±15.00 498±127 72.49±0.74a 427±13a 

Values represent Mean ± SD for 4 animals. 
aVali2es represent Mean ± SD for 3 animals for 24-48 hr post-dosing interval. 



METABOLIC FATE OF 14C-TOLUENE-2 A-DIISOCYANATE IN FISCHER 344 RATS 

0-24 

24-48 

TOTAL 

50.28±4.81 	 7352±683 

	

30.38±2.19 	 4443±309 

	

80.67±5.30 	 11795±718 

I 47.29±11.98C 	) 424±102c 
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Table 10. Radioactivity Excreted in the Feces During the indicated Intervals by Mal 2 Fische. 344 Res Given an Oral 
Dose of 60 mg 1 C-2,4--TDI/kg of Body Weight or Exposed to 2 ppm 14C-2,4-TDI Vapors for a 4 hr Period 

lig( a 	 2 ppm 2,4-TDI b 	  60 mg 2,4-TD  

Collection Interval 
(Hr Post-Dosing) 

Percent of 
Administe7ed Dose 

Percent of 
eq 2,4-TDI Reco .ed Radioactivity 	ug eq TDI 

aValues represent Mean ± SD for 3 animals. 
bValues represent Mean ± SD fa, 4 animals. 
f-Collection interval is 0 - 48 hr. 



Collection Interval 	Percent of 	j.tg eq 	Percent of 	p.g eq 	Percent of 	1.1.g eq 
(Hr Post-Dosing) Administered Dose 2,4-TDA Administered Dose 2,4-TDA Administered Dose 2,4-TDA 

0-24 8.31±0 65 1187±7; 24.77±5.30 192±40 15.44±3.58 90±19 

24-48 14.26±1.74 2040±262 5.93±2.67 46±20 6.77+7  66a 37±16a 

TOTAL 22.57±1.54 3228±229 30.69±3.78 239±27 20.06±0.90a 118±8a 

Values represent Mean ± SD for 4 animals. 
aValues represent Mean ± SD for 3 animals for 24-48 hr post-dosing interval. 
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Table 11. Radioactivity Excreted in the Feces During the Indicated Intervals by Male Fischer 344 Rats Given Doses of 
60 (Oral) or 3 (Oral and iv) mg 14C-2,4-TDA/kg of Body Weight 

3 mg 2,4-TDA/kg. Oral 	3 mg Z4-TDA/kg, iv 

IIMIIMM=1■11■INIIIMINENNIP 

1 60 mg 2.4-TDA/kg, Oral 
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Table 12. Concentration of Monoacetyl, Diacetyl and Free 2,4-TDA Expressed as 2,4-TDA Equivalents in the 0-12 hr 
Urine Specimen fcllowing Oral and Inhaladon Exposure to 14C-2,4=TDI and Oral and iv Administration of 14C-2,4- 

TDA in Male Fischer 344 Rats. 

1.1g eq 2,4-TDA / g Urinea 

Treatment Group Monoa cetyl Diacetyl Free Free + Acetylated 
2,4-TDI 
Oral 60 mg/kg 0.64 (0.62, 0.65) 1.02 (0.99, 1.05) 0.26 (0.2c, 0.28) 1.92 

Inhalation 2 ppm 0.03 (0.03, 0.03) 0.02 (0.02, 0.02) ND 0.05 

2,4-TDA 
Oral 60 mg/kg 24.36 (23.60, 25.13) 20.34 (19.11, 21.58) 18.03 (16.01, 20.05) 62.73 

Oral 3 mg/kg 

iv 3 mg/kg 

1.13 (1.09, 1.16) 

1.12 (1.07, 1.18) 

1.88 (1.87, 1.89) 

1.77 (1.70, 1.84) 

0.73 (0.70, 

0.20 (0.19, 

0.76) 

0.21) 

3.74 

3.09 

aValues are the means of two determinations, numbers in ( 	) afe the individual determinations. 
Acetylated - Sum of the Monacetyl and Diacety1-2,4-TDA. 
ND - Not Detected. Detection Limit 100 ngeq 2,4-TDA/g Urine. 
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Table 13. Concentration of Free + Acetylated 2,4-TDA ar d Add-Labile 2,4-TDI/2,4-TDA Conjugates Expressed as 2,4- 
TDA Equivalents in the 0-12 hr Urine Specimen following Oral and Inhalation Exposure to 14C-2.4-TDI and Oral and 

iv Administration of 14C-2,4 TDA in Male Fischer 344 Rats. 

eq 2,4-TDA / g Urine 

Free + Ace 

1.92 

0.05 

Treatment Grou 
2A-TDI 
Oral 60 ma/kg 

Inhalation 2 ppm 

2,4-TDA 
Oral 60 mg/kg 

Oral 3 mg/kg 

iv 3 mg/kg 

	

62.73 	 102.41 (100.77, 104.06) 	 0.61 

	

3.74 	 4.47 (4.34, 4.59) 	 0.84 

	

3.09 	 3.54 (3.51, 3.57) 	 0.87 

iated 
2,4-TDI/2,4-TDAa 

Acid-Labile Con'u ate 
Free + Acetylatedb 

Acid-Labile 

	

5.56 (5.32, 5.79) 
	

0.35 

	

0.49 (0.48, 0.50) 
	

0.10 

aValues are the means of two determinations, numbers in ( 	) are the individual determinations. 
b Ratio of Free + Acetylated to Add-Labile Conjugates. 
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Figure 1. Representative EI-GC/MS Chromatograms for (A) Hydrolyzed 
Control Urine Extract ; and (B) Hydrolyzed 0-12 hr Urine 
Specimens Obtained from Male Fischer 344 Rats Exposed to 
2 p-m  14 p 	C-2,4-TDI via Inhalation for 4 hr (as Heptafluorobutyric 
Anhydride Derivative). 
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Figure 2. Representative F_I-GC/MS/MS Chromatograms for Monoacetyl-
2,4-TDA (m/z 209) and Diacety1-2,4-TDA (m/z 206) as D6-Diacetyl 
Derivatives and D9-Diacetyl 2,4-TDA Internal Standard, (m/z 
215). A) Control Urine Extract; B) Extract of Urine Specimen 
from 0 -12 hr Interval following an Oral 60 mg/kg 14C-2,4-TDA 
Dose. 
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METABOLIC FATE OF 14C-TOLUENE-2,4-DIISOCYANATE IN 
FISCHER 344 RATS 

Figure 3. 14C Urinary :ime Course for 2,4-TDI (A) anc. 	(B) 
Excreted in the Urine by Male Fischer 344 Rats. The Half-Lives 
Were Derived from the Log-Linear Regression. 
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METABOLIC FATE OF 14C-TOLUENE-7:,4-DIISOCYANATE IN 

HPLC Radiochromatogram of Urine Specimens (0 - 12 hr Post-
Dosing) from Male Fischer 344 1-, ats Given (A) an Oral 60 mg 14C-
2,4-TDI/Kg of Body Weight Dose or (B) Exposed to 2 ppmuc..2,4- 
TDI Vapors for a 4 hr Period . 

Figure 4. 
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Figure 5. HPLC Radiochrumatogram of Fecal Specimens (0 - 24 hr Post-
Dosing) from Male Fischer 344 Rats Given (A) an Oral 60 mg 14 C-
2,4-TDI/Kg of Body Weight Dose or (B) Exposed to 2 ppm  14C-2,4- 
TDI Vapors for a 4 hr Period. 
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Figure 7. Proposed Metabolic Scheme for 2,4-TDI in the Rat. 
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MEAN 
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0.249 
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Appendix Table 1: Dose Calculation for Individual Male Rats Given the Single 
Oral 60 mg/kg 14 C-2,4-TDI Dose. 

•■•■ 

DOSE I,DMINISTERED 

DP M MG MG/KG 

121824436 14.542 59.112 
123055706 14.688 58.520 
122680972 14.644 58.777 

122520371 14.625 58.803 
631151 0.07E 0.297 

122092103 14.573 59.242 
128962238 15.394 59.428 
124340511 14.842 59.263 
127748811 15.249 59.644 

125785916 15.014 59.371 
3145125 0.175 0.215 

MEAN 	0.253 
SO 	0.006 

Rats 89A-4841 to 89A-4843 and 89A-4845 to 89A-4848 were sacrificed 48 hr and 2 hr after dosing, 
respectively. 	 Specific act. =8377702 dprn/mg TDI 
Concentrations of 14C and 2,4-TDI in the dose solution were , - -:.“5,050 dpm/g and 21.3 mg/g, respectively. 

48 HR 

89A-4841 
89A-4842 
89A-4843 

0.246 
0.251 
0.249 

10.1850 
10.1948 
10.1952 

9.5023 
9.5052 
9.5077 

0.6827 
0.6896 
0.6875 

2 HR 
89A-4845 	0.246 	10.1493 	9.4651 	0.6842 
89A-4846 	0.259 	10.1871 	.2.4644 	0.7227 
e A -4847 	0.250 	10.1606 	9 4638 	0.6968 
-1A-4848 	0.256 	10.1799 	(1.4640 	0.7159 
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Appendix Table 2: Dose Calculations for Individual Male Rats Given the Single 
Oral 60 mg/kg 14 C-2,4-TDA Dose. 

DOSE ADMINISTERED 
ANIMAL #S 	BODY 	SYRINGE 	SYRINGE 

WT 	WT 	 WT 
(KG) 	FULL (G) EMPTY (G) NET (G) 

90A-2286 

90A-2287 

9CA-2288 

90A-2289 

MEAN 	0.226 
SD 	0.003 

DP M 	MG 

147836068 

144149492 

147133863 

147419134 

146634639 14.300 
1681670 	0.164 

	

0.227 	10.0498 	9.3761 	0.6737 

	

0.221 	10.0330 	9.3761 	0.6569 

	

0.228 	10.0466 	9.3761 	0.6705 

	

0.226 	10.0480 	9.3762 	0.6718 

14.417 

14.058 

14.349 

14.377 

MG/KG 

63.512 

63.609 

62.933 

63.613 

63.417 
C .326 

Concentrations of 14 C and 2,4-TDA in the dose solution were 219,439,020 dpm/g and 21.4 mgig, 7espectively. 
Specific activity = 10,254,160 dpm/mg TDA. 



MG MG/KG 
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Appendix Table 3: Dose Calculations for Individual Male Rats Given the Single 
Oral 3 mg/kg 14C-2,4-TDA Dose. 

DOSE ADMINISTERED 
SYRINGE 	SYRING 

WT 	 WT 
FULL (G) EMPTY (G) NET (G) 	DPM 

90A -2675 0.231 10.1692 9.4716 0.6976 93501232 0.767 

90A-2676 0.225 10.2020 9.4700 0.7320 98111958 0.805 3.579 

90A-2677 0.229 10.1666 9.4683 0.6983 93595055 0.768 3.354 

90A-2678 0.232 10.1701 9.4660 0.7041 94372445 0.775 3.338 

MEAN 0.229 94895173 0.779 3.398 
SD 0.003 2179780 0.018 0.121 

Concentrations of 14C and 2,4-TDA in the dose solution were 134,032,730 dpm/g and 1.1 mg/g, respectively. 
Specific activity 121,847,000 dpm/mg TDA. 
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Appendix Table 4: Pose Calculations for Individual Male Rats Given the Single iv 3 mg/kg 
14C-2,4-TDA Dose. 

DOSE ADMINISTERED 
ANIMAL IS 	BODY 	SYRINGE 	SYRINGE 

WT 	 WT 
(KG) 	FULL (G) EMPTY (G) NET (G) 	DPM 	MG 	MG/KG 

t 

90A-4024 0.217 4.4178 4.2132 0.2046 7 5261840 0.573 2.640 

90A-4025 0.230 4.4245 4.2152 0.2093 76990729 0.586 2.548 

90A-4026 0.233 4.4293 4.2124 0.2169 79786379 0.607 2.607 

90A-4028 0.214 4.415 4.2122 0.2029 7 4 636497 0.568 2.655 

MEAN 0.224 76668861 0.584 2.612 
SD 0.009 2304541 0.018 0.047 

Concentrations of 14C and 2,4-TDA in the dose solution were 367,848,680 dpm/g and 2.8 mg/g, respectively. 
Specific activity 131,374,529 DPM/ mg TDA. 

• 
• 

4 
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Appendix Table 5: Body Weights of Individual Male Rats Exposed to 2 ppm 14C_ 

2,4-TDI Vapors for a 4 hr Period. 

48 Hr POST-EXPOSURE  

ANIMAL IS BODY WT. 
(KG) 

89A-7450 0.238 
89A-7451 0.250 
89A-7452 0.258 
89A-7458 0.253 

MEAN 0.250 
SD 0.008 

IMMEDIATELY POST- 
EXPOSURE 

ANIMAL IS BODY WT. 
(KG) 

89A-7454 0.253 
894-7455 0.247 
89A-7456 0.251 
89A-7457 0.238 

MEAN 0.247 
SD 0.003 

1 

    

     

  

5 

  

   

I. 
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6: Calculated Time Weight Aveage Concentration 
2 ppm 14 C-2,4-TDI Inhalation Exposure. 

for 4 hr Appendix Table 

48 HR POST 
EXPOSURE 
Sample * 

1 
2 
3 
4 
5 
6 
7 
8 

Time (hr) 
0:00 

0:21:00 
0:50:00 
1 :2 0 : 0 0 
1:50:00 
2:20:00 
2:50:00 
3:20:00 
3:50:00 

Conc (ppm) 

1.39 
1.94 
1.85 
1.16 
2.29 
2.08 
1.38 
0.79 

Conc Time 
(hr*ppm) 

*24 hr 
PPM*24 HR 

Delta time 
( h r ) 

0:21:00 
0:29:00 
0:30:00 
0:30:00 
0:30:00 
0:30:00 
0:30:00 
0:30:00 

0.0203 
0.0391 
0.0385 
0.0242 
0.0477 
0.0433 
0.0288 
0.0166 

Sum 
Sum/4 hr 

0.4865 
0.9377 
0.9255 
0.5800 
1.1450 
1.0400 
0.6900 
0.3950 
6.1992 
1.5498 

IMMEDIATE 
9 
10 
11 
12 
1 3 
14 
15 

1 6 • 

POST- EXPOSURE 
0:21:00 
0:50:00 
1:20:00 
1:52:00 
2:20:00 
2 :50 :00 
3 :2 0 :00 
3 :50 :00 

0:21:00 
0:29:00 
0:30:00 
0:32:00 
0:28:00 
0:30:00 
0:30:00 
0:30:00 

0.0257 
0.0264 
0.0396 
0.0431 
0.0296 
0.0450 
0.0315 
0.0315 

Sum 
Sumi4 hr 

0.6160 
0.6815 
0.S 500 
1.0347 
0.793 
1.0800 
0.7550 
0.7550 
6.5815 
1.6454 

1.76 
1.41 
1.90 
1.94 
1.52 
2.16 
1.51 
1.51 

'Sample was lost, assumed same concentration as in sampie #7. 
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Appendix Table 7: Concentration of Radioactivity in Tissues of Male Rats 2 hr after a 
Single Oral Dose of 60 mg 14 C-2,4-TDI/kg ot Body Neight. 

PERCENT OF DOSE PER GRAM TISSUE 
TISSUE 	89A-4845 	89A-4846 	89A -4847 	89A-4848 	MEAN 	 SD 
BLOOD 	 NA 	 NA 	 NA 	 NA 	 NA 	 NA 

0.061% 0.038% 0.024% 
0.001% 0.002% 0.002% 
1.174% 1.306% 0.450% 
1.106% 
0.037% 0.044% 0.'09% 
0.047% 0.057% 0.017% 
0.242% 0.071% 0.114% 
0.028% 0.019% 0.009% 

TISSUE 

CARCASS 	0.017% 	0 056% 	0.016% 
FAT 	 0.001% 	0.004% 	0.001% 

GI TRACT' 	0.920% 	1.114% 	1.938% 

	

0.945% 	1.154% 	2.093% 
KIDNEY 
	

0.035% 
	

0.054% 	0.048% 
LIVER 
	

0.082% 
	

0.046% 	0.052% 
LUNG 
	

0.008% 
	

0.016% 	0.016% 
SK;r4 
	

0.013% 
	

0.026% 	0.010% 
.I.g eq 2,4-TDI PER GRAM 

TISSUE 	89A-4845 	89A-4846 	d9A-4847 	89A-4848 	MEAN 	 SD 
BLOOD 	 NA 	 NA 	 NA 	 NA 	 NA 	 NA 

CARCASS 	 2.48 	 8.62 	 2.37 	 9.30 	 5.69 	 3,78 
FAT 	 0.15 	 0.77 	 0.30 	 0.15 	 0.34 	 0.29 

GI TRACT' 

KIDNEY 
LIVER 
LUNG 
SKIN 

NA. Not Analyzed 
•Two Determinations. 

134.08 
137 72 

171.48 
177.64 

287.63 
310.64 

179.02 
168.65 

195.86 66.27 

5.10 8.31 7.12 5.64 6.54 1.46 
11.95 7.08 7.72 7.17 8.48 2.33 
1.17 2.46 2.37 36.90 10.73 17.46 
1.89 4 00 0.15 4. 9 7 2.58 1.94 
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Appendix Table 8: Concentration of Radioa ctvity in Tissues Immediately after Male Rats 
were Exposed to 2 ppm 140_2, 4-TDI Vapors for a 4 hr Period. 

PERCENT OF RECOVERED DOS E PER GRAM TISSUE 
TISSUE 	89A-7454 	89A-7455 	89A-7456 	89A-7457 	MEAN 	SD 

BLOOD 	Nie1/4 
CARCASS 	0.499% 

FAT 	0.024% 
GI TRACT 	0.516% 
KIDNEY 
	

0.338% 
LIVER 
	

0.215% 
LUNG 
	

3.950% 
SKIN 
	

0.1 33% 

NA 
0.523% 
0.018% 
0 .258% 
0 .372% 
0.1 85% 
1 .529% 
0 .1 1 6% 

NIA 	 ND 	 ND 

	

0.523% 	0.508% 	0.018% 

	

0.016% 	0.019% 	0.004% 

	

0.332% 	0.375% 	0.109% 

	

0.487% 	0.420% 	0.076% 

	

0.233% 	0.220% 	0.027% 

	

1 .720% 	2.639% 	1.198% 

	

0.254% 	0.1 69% 	0.061% 

0.487% 
0.016% 
0.393% 
0.481% 
0.247% 
3.355% 
0.171% 

p.fg eq 2,4-TDI PER GRAM TISSUE 
TISSUE 	89A-7454 	89A-7455 	89A-7456 	89A-7457 

BLOOD 	 Ni4 	 NA 	 NA 	 NA 
CARCASS 	2.34 	 1.62 	 2.01 	 2.11 	 2.02 

FAT 	 0.11 	 0.05 	 0.07 	 0.06 
GI TRACT 	2.42 	 1.30 	 0.99 	 1.34 
KIDNEY 	1.58 	 1.60 	 1.43 	 1.97 
LIVER 	 1.01 	 0.82 	 0.71 	 0.94 
LUNG 	18.52 	11.13 	 5.89 	 6.95 
SKIN 	 0.53 	 0.57 	 0.45 	 1.03 

NA=Not Anatyzed 

MEAN 	SD 

NA 	 NA 
0.30 

0.07 	0.03 
1.51 	0.62 
1.65 	0.23 
0.87 	0.13 
10.62 	5.73 
0.65 	0.26 

fi• 

4 
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Appendix Table 9: Concentration of Radioactivity in Tissues of Male Rats 48 hr 
After a Single Oral Dose of 60 mg 14 C-2,4-TDi/kg of Body Weight. 

TISSUE 89A-4841 

BLOOD 0.039% 
CARCASS 0.005% 

FAT 0.002% 
GI TRACT 0.006% 
KIDNEY 0.012% 
LIVER 0.011% 
LUNG 0.003% 
SKIN 0.003% 

TISSUE 89A-4841 

BLOOD 1.31 
CARCASS 0.73 

FAT 0.29 
GI TRACT 0.87 
KIDNEY 1.74 
LIVER 1.60 
LUNG 0.44 
SKiN 0.44 

PERCENT OF DOSE 
89A-484: 

0.007% 
0.007% 
0.001% 
0.006% 
0.012% 
0.011% 
0.002% 
0.002% 

PER GRAM TISSUE 
89A-4843 

0.009% 
0.004% 
0.001% 
0.020% 
0.014% 
0.012% 
0.004% 
0.002% 

MEAN 

0.008% 
0.005% 
0.001% 
0.011% 
0.013% 
0.011% 
0.003% 
0.002% 

SD 

0.001% 
0.002% 
0.001% 
0.008% 
0.001% 
0.001% 
0.001% 
0.001% 

ig eq 2,4-TDI PER GRAM TISSUE 
89A-4842 	89A-4843 	MEAN 	 SD 

1.03 
1.03 
0.15 
0.88 
1.76 
1.62 
0.29 
0.29 

1.32 
0.59 
0.15 
2.93 
2.05 
1.76 
0.59 
0.29 

1.22 
0.78 
0.20 
1.56 
1.85 
1.66 
0.44 
0.34 

0.16 
0.22 
0.08 
1.19 
0.17 
0.09 
0.15 
0.09 

METABOLIC FATE OF 14C-TOLUENE-2,4-DI 
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89A-7458 	MEAN TISSUE 	89A-7450 	89A-7451 	8C A-7452 

Rg eq 2,4-TDI PER GRAM TISSUE 
TISSUE 	89A-7450 	89A-7451 	89A-7452 894-7458 	MEAN 	 SD 

0.53 
0.70 
0.03 
0.43 
1.19 
0.44 
1.36 
1 .06 

0.51 
0.52 
0.03 
0.66 
0.97 
0.zi4 
3.82 
0.94 

n 0.59 
0.94 
0.07 
0.84 
1.48 
0.55 
2.94 

1.33 

0.55 
0.08 
0.98 
1.65 
0.52 
2.01 
0.56 

0.59 
0.68 
A AC 

0.73 
1.32 
0.49 
2.54 
0.98 

0.10 
0.20 
0.03 
0.24 
0.30 
0.06 
1.07 
0.32 

BLOOD 
CARCASS 

FAT 
GI TRACT 
KIDNEY 
LIVER 
LUNG 
SKIN 

Appendix Table 10: Concentration of Radioactvity in Tissues 48 hr After Male Rats were 
Exposed to 2 ppm 14 C-2,4-T5l Vapors for a 4 hr Period. 

PERCENT OF RECOVERED DOS:: PER GRAM TISSUE 

BLOOD 
CARCASS 

CA7 tn. 

GI TRACT 
KIDNEY 
LIVER 
LUNG 
SKIN 

0.083% 
0.063% 
A Afitacv_ v.vvo/cr 

0.113% 
0.190% 
0.060% 
0.231% 
0.065% 

0.063% 
0.100% 
n flt170/_ 

0.090% 
0.158% 
0.059% 
0.314% 
0.142% 

0.057% 
.076% 

0.003% 
0.047% 
0.129% 
0.048% 
0.147% 
0.115% 

	

0.058% 	C.066% 

	

0.059% 	0.C15% 

	

0.004% 	0.008% 

	

0.076% 	0.082% 

	

0.111% 	0.147% 

	

0.050% 	0.055% 

	

0.436% 	0.283% 

	

0.108% 	0.108% 

SD 

0.012% 
0.019% 
0.005% 
0.028% 
0.034% 
0.006% 
0.124% 
0.032% 
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Appendix Table 1 1: Concentration of Radioactivity in Tissues of Male Rats 48 hr After a 
Single Oral Dose of 60 mg 14 C-2,4-TDA/kg of Body Weight. 

PERCENT OF DOS E PER GRAM TISSUE 

TISSUE 90A-2:e86 90A-2287 

CARCASS 0.038% 0.017% 
SKIN 0.008% 0.004% 

90A-2288 	90A-2289 	MEAN 	 SD 

	

0.027% 
	

0.021% 	0.026% 	0.009% 

	

0.004% 
	

0.008% 	0.006% 	0.002% 

p.g eq 2,4-TDA PER GRAM TISSUE 

TISSUE 90A-2286 90A-2287 90A-2288 90A-2289 MEAN SD 

CARCASS 5.48 2.39 3 87 3.02 3.69 1.34 
SKIN 1.15 0.56 0.57 1.15 0.86 0.34 

- 
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Appendix Table 12: Concentration of Radioactivity in Tissues of Male Rats 48 hr After a Single Oral 
Dose of 3 mg 14 C-2,4-TDA/kg of Body Weight. 

PERCENT OF DOSE PER GRAM TISSUE 
TISSUE 	90A-2675 	90A-2376 	90A-2677 	90A-2678 	MEAN 	SD 

CARCASS 	0.014% 	0.011% 	0.010% 	0.009% 	0.011% 	0.002% 
SKIN 	0.003% 	0.003% 	0.002% 	0.002% 	0.003% 	0.001% 

p.g eq 2,4-TDA PER GRAM TISSUE 
TISSUE 	90A 2675 	90A-2676 	90A-2677 	90A-2678 	MEAN 	SD 

CARCASS 	0.11 	 0.09 	 0.08 	 0.07 	 0.09 	0.02 
SKIN 	 0.02 	 0.02 	 0.02 	 0.02 	 0.02 	0.00 
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Appendix Table 13: Concentration of Radioactivity in Tissues of Male Rats 48 hr After a 
Single iv Dose of 3 mg 14 C-2,4-TDA/kg of Body Weight. 

PERCENT OF DOSE PER GRAM TISSUE 
TISSUE 90A-4024 90A-4025 90A-4026 	90A-4028* MEAN** SD** 

CARCASS 0.012% 0.011% 0.011% 0.035% 0.011% 0.001% 
SKIN 0.003% 0.004% 0,006% 0.007% 0.004% 0.002% 

Lig eq 2,4-TDA PER GRAM TISSUE 
TISSUE 90A-4024 90A , 4025 90A-4026 	90A-4028* MEAN** SD** 

CARCASS 0.07 0.06 0.07 0.20 0.07 0.01 
SKIN 0.02  0.02 0.04 0.04 0.03 0.01 

tknimai 90A-4028: Died by 24 Hr Post-Dosing. 
Animal 90A-4028 Not Included 
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Appendix Table14: Radioactivity Excreted in the Urine of Male Rats During the 
Indicated Intervals After a Single Oral Dose of 60 mg 14 C-2,4-TDI/kg of Body 

Weig ht. 
PERCENT OF DOSE 

COLLECTION 
INTERVAL 

( H R ) 	89A-4841 	89A-4842 	89A-4843 	MEAN 	 SD 

0-12 HR 	6.61 5% 	6.414% 	6.881% 	6.637% 	0,234% 
12-24 HR 	1.107% 	0.844% 	1.320% 	1 .090% 	0.238% 
24-36 HR 	0.371% 	0.562% 	0.368% 	0.434% 	0.111% 
36-48 HR 	0.273% 	0.152% 	 0.226% 	 0.217% 	0.0 61% 

TOTAL 	8.366% 	 7.972% 	 8.795% 	 8.378% 	0.412% 

eq 2,4-TDI 
COLLECTION 

INTERVAL 
( H R ) 	89A-4841 	89A-4842 	89A-4843 	MEAN 	 SD 

0-12 HR 	961.92 	 942.12 	 1007.64 	 9 7 0 . 5 6 	3 3 . 6 0 
12-24 HR 	160.97 	 123.97 	 193.30 	 1 59.4 1 	34.69 
24-3€ HR 	53.95 	 82.55 	 53.89 	 63 .4 6 	16.53 
36-48 hP. 	39.70 	 22.33 	 33.09 	 31.71 	8.77 

TOTAL 	1216.54 	 1170.97 	 1287.92 	1 225.1 4 	58.95 



0-12 HR 9.133% 6.283% 
12-24 HR 2.915% 2.024% 
24-36 HR 2.407% 2.404% 
36-48 HR 2.245% 2.682% 

7.1 86% 9.243% 
3.757% 0.559% 
2.859% 3.065% 
1.110% 1.518% 

TOTAL 	16.700% 	13.393% 	14.912% 	14.385% 
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Appendix Table 15: Radioactvity Excreted in the Urine of Male Rats During the Indicated 
Intervals After an Exposure to 2 ppm 14 C-2,4-TDI Vapors for a 4 hr Period. 

MEAN SD 

7.961% 1.464% 
2.314% 1.367% 
2.684% 0.332% 
1.889% 0.707% 

14.848% 1.386% 

PERCENT OF RECOVERED DOSE 
COLLECTION 

INTERVAL 
( H R ) 
	

89A-7450 
	

RQA - 74 5 1 	R9A - 7452 	89A - 7458 

eq 2,4-TDI 
COLLECTION 

INTERVAL 
(HR) 	e96-7450 	89A-7451 	89A-7452 	89A-7458 	MEAN 

0-12 HR 	79.41 	58.8'7. 	66.10 	80.36 	71.19 
12-24 HR 	25.35 	18.97 	34.56 	4.86 	20.94 
24-36 HR 	20.93 	22.53 	26.30 	26.65 	24.10 
36-48 HR 	19.51 	25.14 	10.21 	13.20 	17.02 

SD 

10,47 
12.48 
2.82 
6.66 

TOTAL 	145.21 	125.52 	137.16 	125.07 	133.24 	9.75 
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Appendix Table 16: Radioactivity Excreted in the Urine of Male Rats During the Indicated 
Intervals After a Sngle Oral Dose of 60 mg 14 C-2,4-TDA/kg of Body Weight. 

PERCENT OF DOSE 
COLLECTION 

INTERVAL 
( H R ) 90A-2286 90A-2287 90A-2288 90A-2289 MEAN SD 

0-12 	HR 34.047% 38.910% 35.419% 34.524% 35.725% 2.198% 
12-24 	HR 15.567% 14.235% 26.557% 24.439% 20.200% 6.203% 
24-36 	HR 10.006% 12.355% 3.156% 5.926% 7.861% 4.110% 
36-48 	HR 1.689% 1.310% 0.767% 0.924% 1.173% 3.413% 

TOTAL 61.309% 66.810% 65.899% 65.813% 64.958% 2.474% 

eq 2,4-TDA 
COLLECTION 

INTERVAL 
(HRS) 90A-2286 90A-2287 90A-2288 90A-2289 MEAN SD 

0-12 	HR 4908.62 5469.84 5082.17 4963.35 5153.54 287.34 
12-24 	HR 2244.32 2001.11 3810.58 3513.48 2685.34 982.05 
24-36 	HR 1442.58 1736.82 452.84 851.95 1210.75 672.65 
36-48 	HR 243.51 184.16 110.05 132.84 179.24 66.87 

TOTAL 8839.03 9391.93 9455.64 9461.62 9287.06 

VW& 
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Appendix Table 17: Radioactivity Excreted in the Urine of Male Rats During the Indicated 
Intervals After a Single Oral Dose of 3 mg 14 C-2,4-TDA/kg of Body Weight. 

PERCENT OF DOSE 
COLLECTION 

INTERVAL 
(HR) 
	

90A-2675 
	

90A-2676 
	

90A-2677 

0-12 HR 
	

52.714% 
	

77.623% 
	

43.825% 
12-24 HR 
	

2.320% 
	

2.114% 
	

2.565% 
24-36 HR 
	

0.516% 
	

0.472% 
	

0.460% 
3b-48 HR 
	

0.324% 
	

0.249% 
	

0.246% 
TOTAL 55.874% 80.458% 47.09E% 

p.g 	eq 	2,4-TDA 
COLLECTION 

INTERVAL 
( H R) 90A-2675 90A-2676 	90A-2677 

0-12 	HR 404.51 625.03 	336.64 
12-24 	HR 17.80 17.02 	 19.70 
24-36 	HR 3.96 

	

3.80 	 3.53 

	

 
2.00 	 1.89 36-48 	HR 2.49 

TOTAL 428.76 647.85 	361.76 

90A-2678 MEAN SD 

67.499% 60.415% 15.065% 
3.054% 2.513% 0.405% 
0.419% 0.467% 0.040% 
0.273% 0.273% 0.036% 

71.245% 63.668% 14.997% 

90A-2"8 MEAN SD 

522.79 472.24 127.64 
23.65 1 9 .5 4 2.96 
3.25 3.64 0.31 
2.11 2.12 0.26 

551.80 497.54 127.42 
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Appendix Table 16: Radioactivity Excreted in the Urine of Male Rats During the Indicated 
Intervals After a Single iv Dose of 3 mg 14 C-2,4-T DA/kg of Body Weight. 

PERCENT OF DOSE 
COLLECTION 

INTERVAL 
(H RS) 90A-4024 90A-4025 90A-4026 90A-4028* MEAN SD 

0-12 	HR 66.959% 68.584% 66.507% 65.795% 66.964% 1.183% 
12-24 	HR 3.552% 3 802% 4.290% 2.738% 3.596% 0.649% 
24-36 	HR 1.037% 0.646% 0.986% NS C.890% C.213% 
36-48 	HR 0.469% 0.308% 0.314% NS t).364% 0.0.9 

TOTAL 72.027% 73.340% 72.097% 72.488% 0 	7 ' 

p.g eq 	2,4-TDA 
COLLECTION 

INTERVAL 
(HRS) 90A-4024 90A-4025 90A-4u26 90A-4028* MEAN SD 

0-12 	HR 383.65 40 ‘.93 403.91 373.80 390.82 11.17 
12-24 	HR 20.35 22.28 26.05 15.56 21.06 2.90 
24-36 	HR 5.94 3.79 5.99 N6 5.24 1.25 
36-48 	HR 2.69 1.81 1.91  NS 2.14 0.4n 

TOTAL 412.63 429.81 437.86 426.77 
• No 24-48 hr sample. 

,MMIP 



1 

the Feces of Male Rats During the 
of 60 mg 14 C-2,4-TDI/kg of Body 

Appendix Table 19: Radioactivity Excreted in 
Indicated Intervals After a Single Oral Dose 

Weight. 

51.979% 
32.788 3/0 
32.400% 

85.520% 

	

89A-4841 
	

89A-4842 	89A-4843 

	

53.873% 
	

44.402% 	55.076% 

	

44.079% 
	

52.297% 

	

31.127% 
	

28.035% 

	

30.423% 
	

27.529% 
75.016% 
	

81.464% 

89A-4841 	89A-4842 89A-4843 
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COLLECTION 
INTERVAL 

(H P) 
0-24 HR 

24-48 HR 

TOTAL 

COLLECTION 
INTERVAL 

(H R) 

PERCENT OF DOSE 

p.g eq 2,4-TDI 

MEAN* SD* 

50.283% 4.813% 

30.384% 2.194% 
80.667% 5.297% 

MEAN* SD* 
0-24 	HR 7833.95 6521.98 8065.19 

7558.53 6474.53 7656.78 7351.83 683.42 
24-48 	HR 4767.87 4572.08 4105.38 

4711.45 4468.68 4031.28 4442.79 309.33 
TOTAL 12435.90 11018.64 11929.31 11794.62 718.17 

Two determinations were made per collection invrval. 
• calculated over 6 determinations. 
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COLLECTION 
INTERVAL 

(HR) 89A-7450 894-7451 

0 -4q 	HR 41 .703% 33.245% 

COLLECTION 
INTERVAL 

(HR) 89A-7450 89A-7451 

0-48 	HR 362.62 311.57 

89A-7458 MEAN SD 

58.282% 47.294% 11.984% 

89A-7458 MEAN SD 

515.42 423.76 102.30 

eq 2,4 -TDI 

e 9A-7452 

54.945% 

89A-7452 

505.43 

Appendix Table 20: Radioactvity Excreted in 
Interval After an Exposure to 2 ppm 

the Feces of Male Rats During the Indicated 
14 C-2,4-TDI Vapors for a 4 hr Period. 

PERCENT OF RECOVERED DOSE 

1 
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Appendix Table 21: Radioactivity Excreted in the Feces of Male Rats During the Indicated 
Intervals After a Single Oral Dose of 60 ma 14 C-2,4-TDA/kg of Body Weight. 

PERCENT OF DOSE 
COLLECTION 

INTERVAL 
( H ) 	90A-2286 	90A-2287 	90A-2288 	90A-2289 	MEAN 	 SD 

0-24 HR 	7.959% 	9.254% 	8.2C7% 	7.817% 	8.309% 	0.650% 
24-48 HR 	16.376% 	13.440% 	12.365% 	14.857% 	14.260% 	1.741% 

TOTAL 	i 24.335% 	22.694% 	20.572% 	22.674% 	22.569% 	1.542% 

p.g eq 2,4-TDA 
COLLECTION 

INTERVAL 
( H R ) 	90A-2286 	90A-2287 	90A-2288 	90A-2289 	MEAN 	 SD 

0-24 HR 	1147.46 	1300.90 	1177.60 	1123.81 	1187.44 	70.78 
24 -48 HR 	2360.96 	1889.35 	1 774 .22 	2135.92 	2040.11 	261.76 

TOTAL 	3508.42 	3190.25 	2951.82 	3259.73 	3227.56 	229.01 



COLLECTION 
INTERVAL 

(HR) 90A-2675 90A-2676 90 A-2677 	90A-2678 	MEAN 	 SD 

19.071% 
9.923% 

31.775% 
4.493% 

23.145% 
4.764% 

0-24 HR 
24-48 HR 

	

25.067% 	24.765% 	5.300% 

	

4.524% 	5.926% 	2.667% 

TOTAL 	28.994% 	27.909% 	36.268% 	29.591% 	30.691% 	3.783% 

ig eq 2,4-TDA 
COLLECTION 

INTERVAL 
(HR) 	90A-2675 	90A-2E76 	90A-2677 	90A-2678 	MEAN SD 

0 - 24 HR 	146.34 	186.36 	244.08 	194.15 	192.73 
24 - 48 HR 	76.15 	38.36 	34.51 	35.04 	46.02 

40.13 
20.16 
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Appendix Table 22: Radioactivity Excreted in the Feces of Rats During the Indicated 
Intervals After a Single Oral Dose of 3 rng 14 C-2,4-TDA/kg of Body Weight. 

PERCENT OF DOSE 

TOTAL 	222.49 	224.72 	278.59 	229.19 	238.75 	26.71 
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Appendix Table 23: Radioactivity Excreted in the Feces of Rats During the Indicated 
:ntervals After a Single iv Dose of 3 mg 14 C-2,4-TDA/kg of Body Weight. 

ERCENT OF DOSE 
COLLECTiON 

INTERVAL 
( H R ) 90A -4024 

0-24 HR 13 16.080% 12.336% 

SD 

3.584% 
2.656% 

0.901% 

20.246% 
N5 

.052% 
7.975% 3.164% 

90A-4025 	90A-4026 90A-4028* 	MEAN 

15.441% 
6.220% 

19.244% 	21.027% 	 20.059% 

7.520% 

TOTAL 19.90E% 

pg eq 2,4 -TDA 
COLLECTION 

INTERVAL 
( H R ) 90A - 4024 	90A - 4025 	90A - 4026 90A - 4028* 	MEAN SD 

0-24 HR 
24 48 HP 

	

70.95 	94.24 	79.27 	115.02 	89.87 

	

43.08 	18.54 	48.43 	 NS 	 3' 38 

TOTAL 114.04 	112.79 	127.70 	 I 18.17 8.27 

• No 24-48 hr specimen available. 

19.34 
15.94 
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Appendix Table 24: Total Pe7cent of Admini stered 2,4-TDI in Tissues of Male Rats 48 hr 
and 2 hr After a Single Oral Dose of 60 mg 14 C-2,4-TDI/kg of Body Weight. 

*- Samples were run as duplicates and this represents the average of 2 dete*Tninations. 

TISSUE 
BLOOD 

CARCASS 
FAT 

KIDNEY 
LIVER 
LUNG 
sr . N 

ji TRACT 
C.! CONTENTS 

TOTAL 

TISSUE 
13,00D 

CARCASS 
FAT 

KIDNEY 
LIVER 
LUNG 
SKIN 

GI TRACT• 
GI CONTENT• 

TOTAL 
NA- Not Analyzed 

89A-484i 
0.066% 
a. 0.747° 
0.003% 
0.023% 
0.113% 
0.003% 
0.175% 
0.059% 
1.593% 

2.782% 

89A-4845 
NA 

2 398% 

0.060% 
0.715% 
0.008% 
0.755% 
7.721% 

73.223% 
84.881% 

48 Hr PERCENT OF ADMINISTERED DOSE 
89A-4842 	89A-4343 

0.037% 	0.035% 
0.986% 	0.538% 
0.001% 	0.001 % 
0.021`6 	0.025% 
0.105% 	0.108% 
0 002% 
	

0.005% 
0.134% 
	

0.133% 
0.089% 
	

0.164% 
3.028% 
	

3.059% 
4.403% 
	

4.124% 
2 Hr - PERCENT ADMINISTERED DOSE 

89A-4846 
	

89A-4847 
	

89A-4848 
NA 
	

NA 
	

NA 
8.118% 
	

2.372°4 
	

9.098% 
0 005°/0 	0 002% 

	
0.001% 

0.098% 
	

0.083% 
	

0.068% 
0.421% 
	

0.443% 
	

0.416% 
0.017% 
	

0.014% 
	

0.212% 
1.512% 
	

0.o84% 
	

1.637% 
9.786% 
	

14.744% 
	

8.161% 
54.157% 
	

64 017% 
	

71.889% 
74.114% 
	

82.259% 
	

91.482%  

MEAN 	 SD 

	

0.046% 	0.017% 

	

0.774% 	0.200% 

	

0.002% 	0.001% 

	

0.023% 	0.002% 

	

0.109% 	0.004% 

	

0.003% 	0.002% 

	

0.149% 	0.022% 
. 1 0 4 % 	0.054% 

	

2.560% 	0.838% 

	

3.770% 	0.867% 

MEAN 	 SD 
NA 	 NA 

	

5.497% 	3.615% 

	

0.002% 	0.002% 

	

0.077% 	0.017% 

	

0.499% 	0.145% 

	

0.063% 	0.100% 

	

1.122% 	0.530% 

	

10.103% 	3.085% 

	

65.821% 	8.346% 

	

83.184% 	7.185% 
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Appendix Table 25: Percent of Recovered Radioactivity in Tissues Immediately Post- 
Exposure and 48 hr After Male Rats were Exposed to 2 ppm 14 C-2,4-TDI Vapors for a 4 hr 

Period. 
48 hr PERCENT OF RECOVERED 14 C 

	

TISSUE 	89A-7450 	89A-7451 	89A-7452 	89A-7458 	MEAN 	 SD 

	

BLOOD 	 0.060% 	0.136% 	0.353% 	0.331% 	0.228% 0.153% 
10.015% CARCASS 	8.129% 	13.645% 	10.463% 	7.821% 	 2.692% 

FAT 	 0.015% 	 0.004% 	 0.008% 	0.005% 0.008% 	 0.005% 

	

KIDNE! 	 0.298% 	0.264% 	0 231 4 	0.200% 	0.248% 	0.042%  

	

LI\pER 	 0.372% 	0.375% 0.34% 	0.375% 	0.372% 	0.005% 6 
LUNG 	 0.220% 	0.348% 	0 148% 	0.406% 	0.281% 	0.118% 

	

SKIN 3.365% 	7,1 	 5754% '7% 	6.069% 	 5.594% 	1.608% 
0.924% GI TRACT 	1.200% 	 0.415% 	

. 
0.497% 	0.759% 	0.359% 

GI CONTENT'S 	21.531% 	27.126% 	d .723% 	9.154% 	16.634% 	9.176% 

	

TOTAL 	35.19 - % 	50.013% 	27.77C% 	24.573% 	34.137% 	11.531% 
IMMEDIATELY POST-EXPOSURE 
PERCENT OF RECOVERED 14 C 

	

TISSUE 	89A-7454 	89A-7455 	89A-74567 	89A-7457 	MEAN 	 SD 

	

BLOOD 	 NA 	 NA 	 NA 	 NA 	 NA 	 NA 

CARCASS 	71.293% 	 71.688% 	71.542% 67.941% 	75.246% 	 2.987% 

FAT 	 0.024% 	0.016% 	0.018 0/0 	0.016% 	0.019% 	0.004% 

	

KIDNEY 	 0.694% 	0.078% 

	

0.597% 	0.760% 	0.664% 	0.754% 

	

LIVER 	 1 698% 	1.836% 	1.635% 	1.529% 	1.675% 	0.128% 

LUNG 	 3.804% 	3.093% 	1.531% 	1.572% 	2.500% 	1.133% 
9.858% SKIN 	 10.404% 	 14.022%  

	

7.981% 	 7.024% 
GI TRACT 	 3.594% 	 3.190% 	3.749% 	 .. 1% 

	

5.938% 	 2.273% 
GI CONTENT 	8.628% 	11.944% 	11.- 	 9.760% 109% 	7.059% 	 2. 314 % 

NA- Not Analyzed 

- 
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